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PREFACE 


This book is intended to serve as an aid for men who are seeking 
to acquire the theoretical knowledge and operational skills required of 
candidates for advancement to Molder Third Class and Molder Second 
Class. As one of the Rate Training Manuals, this book was prepared 
by the Training Publications Division of the Naval Personnel Program 
Support Activity, Washington, D.C., for the Bureau of Naval Personnel, 
Information and material provided by numerous manufacturers is 
gratefully acknowledged. Technical assistance was provided by the 
Naval Ship Systems Command, Naval Examining Center, Great Lakes, 
Illinois, and the Naval Development and Training Center, San Diego 
^alifornia. 





THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 
ADVANCEMENT 


This training manual is designed to help 
you advance to Molder Third Class and to 
Molder Second Class. To be eligible for ad- 
vancement, you must fulfill certain require- 
ments which are explained in this chapter. 


One of the major requirements for advance- 
ment is that you possess or acquire certain 
qualifications (often called ''quals'') that have 
been specifically prescribed for each pay grade 
or rate level of your particular rating. These 
quals are often referred to as ''standards'' for 
advancement or as ''qualification requirements'' 
for advancement, Since the quals for each rating 
deal with the technical or occupational subject 
matter of that rating, they are often called 
"occupational quals,'' ''professional quals,'' or 
"technical quals.'' 


In addition to the occupational, professional 
or technical quals prescribed for each rating, 
there are certain military qualifications or re- 
quirements to be met. The military require- 
ments for advancement are discussed briefly 
later in this chapter and are discussed in detail 
in special training manuals prepared to cover 
the military requirements for advancement. 


The occupational, professional,.or technical 
quals for the Molder rating that were used as 
a guide in the preparation of this training manual 
were current through change 4 (1969) to the 
Manual of Qualifications for Advancement, Nav- 
Pers 18068-B. Therefore, changes in the qualifi- 
cations occurring after change 4 to NavPers 
18068-B are not necessarily reflected in the 
information given here. 


In this chapter, and the others that follow, 
you will find general and technical information 
which will help you in attaining the knowledge 
and skill necessary to win the Molder's emblem. 
Start working for it now. It's worth having. Keep 
in mind, however, that you cannot depend on the 
printed word alone to become a Molder; you 
must supplement the information you obtain from 


books with actual practice and with the knowl- 
edge acquired from observing experienced men 
at work. 


Chapter 2 gives some information on the 
repair department function, organization, per- 
sonnel, shops, and shop administration. It also 
provides information on the relationship of 
patternmaking to foundry practice. Further, 
classification of Navy foundries and foundry 
processes are discussed. Chapters 3 and 4 
provide information on tools and shop equip- 
ment used by the Molder. Some of the tools and 
equipment discussed are chipping guns and 
rammers, double enders and trowels, sand mull- 
ing machine, mechanical riddle, moisture tester, 
core oven, crucibles, ladles, pyrometers, metal- 
cutting bandsaw, and other tools and equipment. 
Chapter 5 gives information on the construction, 
operation, and maintenance of electric and oil- 
fired furnaces, and related safety precautions. 
Blueprints, patterns, pattern allowances, and 
pattern development are considered in Chapter 
6. Chapter 7 deals with terminology of foundry 
sands, related mold materials, preparation of 
sands, and routine test of sands. The various 
types of molds and their construction, including 
special devices and calculating of mold pres- 
sure allowances are discussed in chapter 8. 
Chapters 9 and 10 are concerned with cores and 
coremaking, including classes of cores, charac- 
teristics, requirements, core prints, types of 
cores and application, core materials, equip- 
ment, mixtures, and coremaking techniques. 
Chapter 11 deals with metals, metal classifica- 
tion, metal identification, metal specifications, 
and solidification of metals. The differences in 
casting ferrous and nonferrous metals, factors 
that affect solidification, control techniques for 
various metals, and calculation of casting weight 
and furnace charges are discussed in chapter 12. 
And finally, chapter 13 gives information on 
melting practices, tapping, pouring, finishing, 
casting defects, and bearings. 


MOLDER 3 & 2 





In studying this training manual, you will 
find a definite relationship between the scope 
of the manual and the qualifications for advance- 
ment. This training manual contains information 
you will need to have in order to advance to 
МІЗ and ML2, It does not contain information 
that is primarily required for advancement to 
first class or chief; such information is given 
in training manual Molder 1 & C, NavPers 
10585-B. 

The remainder of this chapter gives informa- 
tion on the enlisted rating structure, the Molder 
rating, requirements and procedures for ad- 
vancement, and references that will help you 
both in working for advancement and in per- 
forming your duties as a Molder. This chapter 
includes information on how to make the best 
use of rate training manuals. Therefore, it is 
strongly recommended that you study this chapter 
carefully before beginning intensive study of the 
remainder of this manual. 


THE ENLISTED RATING STRUCTURE 


The two main types of ratings in the present 
enlisted rating structure are general ratings and 
service ratings. 

GENERAL RATINGS identify broad occupa- 
tional fields of related duties and functions.Some 
general ratings include service ratings; others 
do not. Both Regular Navy and Naval Reserve 
personnel may hold general ratings. 

SERVICE RATINGS identify subdivisions or 
specialties within a general rating. Although 
service ratings can exist at any petty officer 
level, they are most common at the PO3 and 
PO2 levels. Both Regular Navy and Naval Re- 
serve personnel may hold service ratings. 


THE MOLDER RATING 


Since 1917, when Navy Molders were initially 
incorporated into the Navy!'s rating structure, 
foundry personnel have performed a multitude 
of tasks in maintaining the fighting efficiency of 
the forces afloat. During World War I they made 
their molds and poured their castings aboard 
battleships, repair ships, and at shore stations. 
Between wars they provided important repair 
services to the fleet and participated in fleet 
training programs. Battleship, repair ship, and 
shore station sailors of the Molder rating manned 
General Quarters stations when Pearl Harbor 
was attacked on December 7, 1941; and some, for 


instance those aboard the ARIZONA, went down 
with their ship. At the same time, others partici- 
pated in the rescue and salvage operations that 
began before the last Japanese planes disappeared 
from Hawaii's skies. 

While World War II was in its early stages, 
our old battleships were modernized and provided 
with better anti-aircraft batteries. To make 
room for modernization, foundries were re- 
moved from combatant ships and foundry per- 
sonnel were transferred to repair units. Since 
foundry areas were not included in the design 
of the latest dreadnoughts, and since foundries 
were removed from the older battleships, the 
modernization program of 1942 marked the pass- 
ing of Molders from the complements of first- 
line fighting ships. Although Molders do not sail 
the seas in first-line fighting ships, they area 
vital part of the supporting force which made 
possible the continued presence of our battle 
force in advanced areas. 

The Molder rating, which is a general rating 
does not have any service ratings. The scope of 
the Molder rating entails the responsibility of 
operating foundries aboard ship and at shore 
stations. Molders make molds and cores; rig 
flasks; prepare heats; and pour castings of 
ferrous, nonferrous and alloy metals; clean 
castings; and pour bearings. 

In general, the Molder is assigned to a re- 
pair ship or tender where he prepares molding 
sand and calculates the composition of a metal 
or alloy to be used to yield a casting produced 
from molds formed by a pattern prepared by 
the Patternmaker. 

In the foundry aboard a repair ship or tender, 
the Fireman, who is striking for Molder 3, is 
basically on the getting acquainted-orientation 
detail, Usually he has had some experience in 
the foundry practice or mechanical drafting 
before coming into the Navy. There are usually 
one or two strikers in each foundry; they help 
the third, second, and first class Molders in the 
performance of their duties. As the striker 
progresses, he helps make simple molds and 
cores, and learns the fundamentals of the trade. 
One of his principle duties is learning how to 
maintain all of the foundry equipment in the 
shop and learning all the pertinent safety pre- 
cautions. 

There is also a Molder Third Class who has 
Started to go places in the Molder rating. He 
is capable of making simple molds from either 
solid or parted patterns. He may construct a mold 
from a worn or broken casting. Occasionally, 
he will help the higher rated men to make a 
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mold of a more complicated nature. In actual 
practice, many third and second class learn to 
do this in the lower ratings. 

The Molder Second Class gets into the more 
complicated mold and core work.He makes molds 
that require more detailed work, such as roll- 
out loose pieces, gating, and risering. He also 
mixes sand and makes the various types of cores 
as necessary. 

In the normal complement of a shipboard 
foundry there is a Molder First Class and a 
Chief Molder. The ML1 handles the more de- 
tailed mold and core work. In the absence of 
the chief, he takes over the responsibility of the 
foundry. The MLC is usually primarily con- 
cerned with supervisory duties. He trains the 
lower rated men, assigns work, checks the 
quality of the foundry's workmanship, handles 
personnel matters, works out new procedures, 
makes reports, orders supplies and materials, 
and performs other additional duties required 
of the Chief Petty Officer. 

As a Molder you will be concerned mostly 
with repair activities. The Navy operates a 
number of different types of repair ships, but 
those to which you are most likely to be assigned 
are destroyer tenders (AD), repair ships (AR), 
internal combustion engine repair ships (ARG), 
and submarine tenders (AS). Repair ships and 
tenders are specially designed naval ships whose 
primary mission is to provide repair facilities 
and services to the forces afloat. These ships 
are floating bases, capable of accomplishing a 
large variety of general and specialized work. 
In theory and in fact, these ships are small 
scale navy yards. 


When your assignment sends you to shore 
duty, you will work within the framework of an 
organization having a similar repair mission. 
Occasionally the Molder performs duties other 
than those of his rating, such as shore patrol, 
master at arms, and special details. Naturally, 
there are some exceptions, but generally, a 
Molder, whether ashore or afloat, is assigned 
to the repair department. 


The Molder should have a good background in 
and aptitude for mathematics, For those lacking 
in this area, the training manuals listed later 
in this chapter are strongly recommended, In 
addition to mathematics, the Navy Molder should 
have a working knowledge of patternmaking and 
machine shop practices. The Molder must have 
an ability to work with his hands as wellas 
his mind. However, if you have not had much 
experience working with your hands, you will gain 


confidence in yourself and in your work through 
performance of your daily duties. 

Your ability as a Molder is not measured in 
terms of the amount of shop equipment that you 
can operate, but your ability is measured in 
terms of how well you can get the most out of 
the existing equipment to get the job done. 
Regardless of the type of shop equipment that 
you may have at your duty assignment, the 
experience gained will be beneficial in helping 
you to quality for advancement. 

General Order No. 21 states that successful 
leadership at all levels is based on personal 
example and moral responsibility. As you pre- 
pare for advancement to ML3 and then to ML2, 
you will find that you have increasing responsi- 
bilities for military and technical leadership. 
Your responsibilities for military leadership 
will be about the same as those of petty officers 
at the same rate level in other ratings, since 
every petty officer must be a military leader 
as well as a technical specialist in his own 
occupational field. 

Your responsibilities for technical leadership 
are special to your rating and are directly 
related to the nature of your work. Operating 
a foundry and maintaining its equipment is a 
job of vital importance, and it?s a teamwork 
job; it requires a special kind of leadership 
ability that can only be developed by personnel 
who have a high degree of technical competence 
and a deep sense of personal responsibility. 

Technical leadership involves more than just 
giving orders. In fact, you can demonstrate 
some of the most important aspects of technical 
leadership even if you are not required to tell 
anyone else what to do. As'a ML3 or ML2, 
you demonstrate technical leadership when you 
follow orders exactly, when you observe safety 
precautions, when you accept responsibility, when 
you continue to increase your knowledge of the 
Molder's job, and when you perform every 
detail of your work with complete integrity and 
reliability. 

Integrity of work is really a key factor in 
technical leadership, and all other factors relate 
to it in some way. Integrity of work is demon- 
strated in big ways and in little ways —the 
way you operate a furnace, the way you patch 
or reline a furnace, the way you make a mold, 
and the way you pour a mold. When you perform 
every job just as well as you can, and when 
you are constantly working to increase your 
skill and broaden your knowledge, you are demon- 
strating integrity of work in a concrete, practical 
everyday sort of way. And when your work has 
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integrity, you are demonstrating technical leader- 
ship. 


ADVANCEMENT 


Some of the rewards of advancement are easy 
to see. You get more pay. Your job assignments 
become more interesting and more challenging. 
You are regarded with greater respect by officers 
and enlisted personnel. You enjoy the satisfaction 
of getting ahead in your own chosen Navy career. 


But the advantages of advancing are not yours 
alone. The Navy also profits. Highly trained 
personnel are essential to the functioning of the 
Navy. By each advancement, you increase your 
value to the Navy in two ways. First, you be- 
come more valuable as a specialist in your 
own rating. And second, you become more valu- 
able as a person who can train others and thus 
make far-reaching contributions to the entire 
Navy. 


HOW TO QUALIFY 
FOR ADVANCEMENT 


What must you do to qualify for advancement? 
The requirements may change from time to 
time, but usually you must: 


1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and occu- 
pational training manuals. 

3. Demonstrate your ability to perform all 
the PRACTICAL requirements for advancement 
by completing the Record of Practical Factors, 
NavPers 1414/1. In some cases the Record of 
Practical Factors may contain the old form 
number, NavPers 760. 

4. Be recommended by your commanding 
officer, after the petty officers and officers 
supervising your work have indicated that they 
consider you capable of performing the duties 
of the next higher rate. 

5. Demonstrate your KNOWLEDGE by passing 
written examinations on the occupational and 
military qualification standards for advancement, 


Some of these general requirements may be 
modified in certain ways. Figure 1-1 gives a 
more detailed view of the requirements for 
advancement of active duty personnel; figure 
1-2 gives this information for inactive duty 
personnel. 


Remember that the qualifications for advance- 
ment can change. Check with your division 
officer or training officer to be sure that you 
know the most recent qualifications. 

Advancement is not automatic, Even though 
you have met all the requirements, including 
passing the written examinations, you may not 
be able to ''sew on the crow'' or ''add a stripe." 
The number of men in each rate and rating is 
controlled on a Navywide basis. Therefore, the 
number of men who may be advanced is limited 
by the number of vacancies that exist. When 
the number of men passing the examination 
exceeds the number of vacancies, some system 
must be used to determine which men may be 
advanced and which may not. The system used 
is the ''final multiple'' and is a combination of 
three types of advancement systems. 


Merit rating system 
Personnel testing system 
Longevity, or seniority, system 


The Navy’s system provides credit for per- 
formance, knowledge, and seniority, and, while 
it cannot guarantee that any one person will 
be advanced, it does guarantee that all men 
within a particular rating will have equal ad- 
vancement opportunity. 

The following factors are considered in com- 
puting the final multiple: 


Factor Maximum Credit 
Examination score 80 
Performance factor 

(Performance evaluation) 50 
Length of service 

(years x 1) 20 
Service in pay grade 

(years x 2? 20 
Medals and awards 15 


185 


All of the above information (except the 
examination score) is submitted to the Naval 
Examining Center with your examination answer 
sheet. After grading, the examination scores, for 
those passing, are added to the other factors 
to arrive at the final multiple. A precedence 
list, which is based on final multiples, is then 
prepared for each pay grade within each rating. 
Advancement authorizations are then issued, 
beginning at the top of the list, for the number 
of men needed to fill the existing vacancies. 
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* All advancements require commanding officer’s recommendation . 

t 1 year obligated service required for E-5 and E-6; 2 years for E-6, E-7, E-8 and E-9. 
+ Military leadership exam required for E-4 and E-5. 

** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used. 


Figure 1-1.—Active duty advancement requirements. 
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. [15 mos. | 18 mos. | 24 mos. | 36 mos. 


Specified ratings must complete applicable 
performance tests before taking exami- 
nation. 


Satisfactory participation as a member of a drill unit. 


Record of Practical Factors, NavPers 1414/1, must be completed 
for all advancements. 


Completion of applicable course or courses must be entered 
in service record. 


Standard Standard Exam, 


Exam Standard Exam Selection Board. 
алоо or required for all PO Also pass Mil. 


um Rating Advancements. Leadership 
Training. Exam for E-4 


and E-5. 


Commanding U.S. Naval Examining | Bureau of Naval 
Officer Center Personnel 





* Recommendation by commanding officer required for all advancements. 
T Active duty periods may be substituted for training duty. 


Figure 1-2. — Inactive duty advancement requirements, 
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HOW TO PREPARE 
FOR ADVANCEMENT 


What must you do to prepare for advance- 
ment? You must study the qualifications for 
advancement, work on the practical factors, 
study the required rate training manuals, and 
study other material that is required for ad- 
vancement in your rating. To prepare for ad- 
vancement, you will need to be familiar with (1) 
the Quals Manual, (2) the Record of Practical 
Factors, (3) a NavPers publication called Training 
Publication for Advancement, NavPers 10052, 
and (4) applicable rate training manuals. The 
following sections describe them and give you 
some practical suggestions on how to use them 
in preparing for advancement. 


Quals Manual 


The Manual of Qualifications for Advance- 
ment, NavPers 18068-B (with changes), gives 
the minimum occupational and military qualifica- 
tion standards for advancement to each pay 
grade within each rating. This manual is usually 
called the ''Quals Manual,'' and the qualifications 
themselves are often called ''quals.'' The qualifi- 
cation standards are of two general types: (1) 
military qualification standards and (2) occupa- 
tional qualification standards. 

MILITARY STANDARDS are requirements 
that apply to all ratings rather than to any one 
particular rating. Military requirements for ad- 
vancement to third class and second class petty 
officer rates deal with military conduct, naval 
organization, military justice, security, watch 
standing, and other subjects which are required 
of petty officers in all ratings. 

OCCUPATIONAL STANDARDS are require- 
ments that are directly related to the work of 
each rating. 

Both the military requirements and the occu- 
pational qualification standards are divided into 
subject matter groups; then, within each subject 
matter group, they are divided into PRACTICAL 
FACTORS and KNOWLEDGE FACTORS, Prac- 
tical factors are things you must be able to DO. 
Knowledge factors are things you must KNOW 
in order to perform the duties of your rating. 

In most subject matter areas, you will find 
both practical factor and knowledge factor qualifi- 
cations. In some subject matter areas, you may 
find only one or the other. It is important to 
remember that there are some knowledge aspects 
to all practical factors, and some practical 
aspects to most knowledge factors. Therefore, 


even if the Quals Manual indicates that there 
are no knowledge factors for a given subject 
matter area, you may still expect to find ex- 
amination questions dealing with the knowledge 
aspects of the practical factors listed in that 
subject matter area. 

You are required to pass a Navywide military/ 
leadership examination for E-4 or E-5, as 
appropriate, before you take the occupational 
examinations. The military/leadership examina- 
tions are administered on a schedule determined 
by your commanding officer. Candidates are 
required to pass the applicable military/leader- 
ship examination only once. Each of these ex- 
aminations consists of 100 questions based on 
information contained in Military Requirements 
for Petty Officers 3 and 2, NavPers 10056 
(current edition) and in other publications listed 
in Training Publications for Advancement, Nav- 
Pers 10052 (current edition). 

The Navywide occupational examinations for 
pay grades E-4 and E-5 willcontain 150 questions 
related to occupational areas of your rating. 

If you are working for advancement to second 
class, remember that you may be examined on 
third class qualifications as well as on second 
class qualifications. 

The Quals Manual is kept current by means 
of changes. The occupational qualifications for 
your rating which are covered in this training 
manual were current at the time the manual 
was printed. By the time you are studying 
this manual, however, the quals for your rating 
may have been changed. Never trust any set 
of quals until you have checked it against an 
UP-TO-DATE copy in the Quals Manual. 


Record of Practical Factors 


Before you can take the servicewide examina- 
tion for advancement, there must be an entry 
in your service record to show that you have 
qualified in the practical factors of both the 
military qualifications and the occupational quali- 
fications. The RECORD OF PRACTICAL FAC- 
TORS, mentioned earlier, is used to keep a 
record of your practical factor qualifications. 
This form is available for each rating. The 
form lists all practical factors, both military 
and occupational. As you demonstrate your ability 
to perform each practical factor, appropriate 
entries are made in the DATE and INITIALS 
columns. 

Changes are made periodically to the Manual 
of Qualifications for Advancement, and revised 


forms of NavPers 1414/1 are provided when 
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necessary. Extra space is allowed on the record 
of practical factors for entering additional prac- 
tical factors as they are published in changes 
to the Quals Manual. The Record of Practical 
Factors also provides space for recording demon- 
Strated proficiency in skills which are within 
the general scope of the rating but which are 
not identified as minimum qualifications for 
advancement. 

Until completed, the NavPers 1414/1 is usually 
held by your division officer; after completion, 
it is forwarded to the personnel office for in- 
sertion in your service record. If you are 
transferred before qualifying in all practical 
factors, the incomplete form should be forwarded 
with your service record to your next duty 
station. You can save yourself a lot of trouble 
by making sure that this form is actually in- 
serted in your service record before you are 
transferred. If the form is not in your service 
record, you may be required to start all over 
again and requalify in the practical factors 
which have already been checked off, 


Nav Pers 10052 


Training Publications for Advancement, Nav- 


Pers 10052 (revised), is a very important publi- 
cation for any enlisted person preparing for 
advancement. This bibliography lists required 
and recommended rate training manuals and 
other reference material to be used by personnel 
working for advancement. 

NavPers 10052 is revised and issued once 
each year by the Bureau of Naval Personnel. 
Each revised edition is identified by a letter 
following the NavPers number. When using this 
publication, be SURE that you have the most 
recent edition. 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NavPers 10052, a supplementary list of study 
material may be issued in the form of a BuPers 
Notice. When you are preparing for advancement, 
check to see whether changes have been made 
in the qualifications for your rating. If changes 
have been made, see if a BuPers Notice has 
been issued to supplement NavPers 10052 for 
your rating. 

The required and recommended references 
are listed by pay grade in NavPers 10052. If 
you are working for advancement to third class, 
study the material that is listed for third class. 
If you are working for advancement to second 
class, study the material that is listed for 
second class; but remember that you are also 


responsible for the references listed at the 
third class level. 

In using NavPers 10052, you will notice that 
some rate training manuals are marked with an 
asterisk (*). Any manual marked in this way is 
MANDATORY —that is, it must be completed 
at the indicated rate level before you can be 
eligible to take the servicewide examination 
for advancement, Each mandatory manual may 
be completed by (1) passing the appropriate 
enlisted correspondence course that is based 
on the mandatory training manual; (2) passing 
locally prepared tests based on the information 
given in the training manual; or (3) in some 
cases, successfully completing an appropriate 
Class A course. | 

Do not overlook the section of NavPers 10052 
which lists the required and recommended refer- 
ences relating to the military qualification stand- 
ards for advancement. Personnel of ALL ratings 
must complete the mandatory military require- 
ments training manual for the appropriate rate 
level before they can be eligible to advance. 

The references in NavPers 10052 which are 
recommended but not mandatory should also be 
studied carefully. ALL references listed in Nav- 
Pers 10052 may be used as source material for 
the written examinations, at the appropriate rate 
levels. 


Rate Training Manuals 


There are two general types of rate training 
manuals. RATING manuals (such as this one) 
are prepared for most enlisted ratings. A rating 
manual gives information that is directly re- 
lated to the occupational qualifications of ONE 
rating. SUBJECT MATTER manuals or BASIC 
manuals give information that applies to more 
than one rating. 

Rate training manuals are revised from time 
to time to keep them up to date technically. 
The revision of a rate training manual is identi- 
fied by a letter following the NavPers number. 
You can tell whether any particular copy of a 
training manual is the latest edition by checking 
the NavPers number and the letter following 
this number in the most recent edition of List 
of Training Manuals and Correspondence 
Courses, NavPers 10061. (NavPers 10061 is 
actually a catalog that lists all current training 
manuals and correspondence courses; you will 
find this catalog useful in planning your study 
program.) 

Rate training manuals are designed to help 
you prepare for advancement. The following 
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suggestions may help you to make the best 
use of this manual and other Navy training 
publications when you are preparing for ad- 
vancement, 


1. Study the military qualifications and the 
occupational qualifications for your rating before 
you study the training manual, and refer to the 
quals frequently as you study. Remember, you 
are studying the manual primarily in order to 
meet these quals. 


2, Set up a regular study plan. It will prob- 
ably be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day. If possible, schedule your studying for a 
time of day when you will not have too many 
interruptions or distractions, 


3. Before you begin to study any part of 
the manual intensively, become familiar with 
the entire book. Read the preface and the table 
of contents. Check through the index. Look at 
the appendixes. Thumb through the book without 
any particular plan, looking at the illustrations 
and reading bits here and there as you see 
things that interest you. 

4. Look at the training manual in more 
detail, to see how it is organized. Look at the 
table of contents again. Then, chapter bychapter, 
read the introduction, the headings, and the 
subheadings. This will give you a pretty clear 
picture of the scope and content of the book. 
As you look through the book in this way, ask 
yourself some questions: 


e What do I need to learn about this? 
@ What do I already know about this? 


e How is this information related to informa- 
tion given in other chapters? 


e How is this information related to the 
qualifications for advancement? 


5. When you have a general idea of what is 
in the training manual and how it is organized, 
fill in the details by intensive study. In each 
study period, try to cover a complete unit — it 
may be a chapter, a section of a chapter,ora 
subsection, The amount of material that you 
can cover at one time will vary. If you know 
the subject well, or if the material is easy, 
you can cover quite a lot at one time. Difficult 
or unfamiliar material will require more study 
time. 


6. In studying any one unit— chapter, sec- 
tion, or subsection — write down the questions 
that occur to you. Many people find it helpful 
to make a written outline of the unit as they 
study, or at least to write down the most 
important ideas. 

7. As you study, relate the information in 
the training manual to the knowledge you already 
have. When you read about a process, a skill, 
or a Situation, try to see how this information 
ties in with your own past experience. 

8. When you have finished studying a unit, 
take time out to see what you have learned. 
Look back over your notes and questions. Maybe 
some of your questions have been answered, 
but perhaps you still have some that are not 
answered, Without looking at the training manual, 
write down the main ideas that you have gotten 
from studying this unit, Don't just quote the book. 
If you can't give these ideas in your own words, 
the chances are that you have not really mastered 
the information. 


9, Use enlisted correspondence courses 
whenever you can. The correspondence courses 
are based on rate training manuals or on other 
appropriate texts. As mentioned before, com- 
pletion of a mandatory rate training manual can 
be accomplished by passing an enlisted corre- 
spondence course based on the rate training 
manual. You will probably find it helpful to 
take other correspondence courses, as well as 
those based on mandatory manuals, Taking a 
correspondence course helps you to master 
the information given in the training manual, 
and also helps you to see how much you have 
learned. 


10. Think of your future as you study rate 
training manuals. You are working for advance- 
ment to third class or second class right now, 
but some day you will be working toward higher 
rates. Anything extra that you can learn now 
will help you both now and later. 


SOURCES OF INFORMATION 


One of the most useful things you can learn 
about a subject is how to find out more about 
it. No single publication can give you all the 
information you need to perform the duties of 
your rating. You should learn where to look 
for accurate, authoritative, up-to-date informa- 
tion on all subjects related to the military 
requirements for advancement and the pro- 
fessional qualifications of your rating. 
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Some of the publications described here are 
subject to change or revision from time to 
time —some at regular intervals, others as the 
need arises. When using any publication that is 
subject to change or revision, be sure that you 
have the latest edition. When using any publica- 
tion that is kept current by means of changes, 
be sure you have a copy in which all official 
changes have been made, Studying canceled or 
obsolete information will not help you to do your 
work or to advance in rating; it is likely to be 
a waste of time, and may even be seriously 
misleading. 


BUPERS PUBLICATIONS 


Some of the BuPers publications that you will 
need to study or refer to as you prepare for 
advancement have already been discussed earlier 
in this chapter. Some additional BuPers publica- 
tions that you may find useful are listed here. 


Basic Handtools, NavPers 10085-A. 

Blueprint Reading and Sketching, NavPers 
10077-B. 

Fireman, NavPers 10520-C, 

Mathematics, Vol. 1, NavPers 10069-C. 


Patternmaker 3 and 2, NavPers 10578-B. 


In addition, you may find it useful to consult 
the Navy Training Manuals prepared for other 
Group VII (Engineering and Hull) ratings. Refer- 
ence to these training manuals will add to your 
knowledge of the duties of other men in the 


engineering and repair departments aboard ship. 


NAVSHIPS PUBLICA TIONS 


The publications issued by the Naval Ship 
Systems Command will be of interest to you. 
Although you do not need to know everything 
given in the publications mentioned here, you 
should have a general idea of where to find 
information in NavShips publications. 

The NavShips Technical Manual is the basic 
doctrine publication of the Naval Ship Systems 
Command. Chapters which contain information 
of particular importance to the Molder include 
the following: 


9005 Tables of Technical Data 
9230 Industrial Gases 


10 


9270 Wire Rope 
9310 Repair Parts 


9910 Workshop Equipment on Ships 


The Naval Ship Systems Command Technical 


News is a monthly publication which contains 
interesting and useful articles. This magazine 
is particularly useful because it presents in- 
formation which supplements and clarifies in- 
formation given in NavShips Technical Manual 
and because it presents information on new 
developments. 


MANUFACTURERS! TECHNICAL 
MANUALS 


The manufacturers’ technical manuals that 
are furnished with most machinery units and 
many items of equipment are valuable sources 
of information on operation, maintenance, and 
repair. The manufacturers’ technical manuals 
that deal with NavShips machinery and equipment 
are given NavShips numbers. You should also 
become familiar with patternmaker’s handbooks, 
machinery handbooks, and machinist’s handbooks, 
so that you will know how to locate information 
in these publications. 


TRAINING FILMS 


Training Films available to naval personnel 
are a valuable source of supplementary informa- 
tion on many technical subjects. Films that 
may be of interest are listed in the United 
States Navy Film Catalog, NavWeps 10-1-777, 
published in 1966, This catalog is now listed 
in the NavSup Forms and Publications Catalog, 
NavSup 2002, as NavAir 10-1-777. Supplements 
to the Film Catalog carry the latter number. 

When selecting a film, note its date of issue 
listed in the Film Catalog. As you know, pro- 
cedures sometimes change rapidly. Thus some 
films become obsolete rapidly. If a film is 
obsolete only in part, it may still have sections 
that are useful, but it is important to note 
procedures that have changed. If there is any 
doubt, verify current procedures by looking 
them up in the appropriate source. 


CHAPTER 2 
REPAIR DEPARTMENT 


Since you will probably be assigned to the 
repair department of a repair ship or tender, 
you should know something about repair de- 
partment functions, personnel, shops, and pro- 
cedures. This chapter provides an introduction 
to the repair department on repair ships and 
tenders. Qualifications for Advancement, NavPers 
18068-B (revised) specifies that you will assist 
in the preparation of a weekly schedule of pre- 
ventive maintenance. Therefore, it would be to 
your advantage to review information on the 
3-M System in Military Requirements for Petty 
Officer 3 & 2, NavPers 10056-C after a thorough 
study of chapters 2, 3, 4, and 5 of this training 
manual. 


REPAIR DEPARTMENT FUNC TIONS 


In effect, repair ships and tenders are float- 
ing bases, capable of performing a variety of 
maintenance and repair services that are beyond 
the capabilities of the ships they serve. They 
are rather like small-scale Navy yards, with 
the same primary mission: to provide repair 
facilities and services to the forces afloat. 


The most common type of repair ship, desig- 
nated AR, provides general and specific repairs 
to all types of ships. Special types of repair 
Ships have been developed for special uses; 
for example, the ARG is designed for the repair 
of internal combustion engines. 


Each type of tender provides services for 
one type of ship, as indicated by the designation 
of the tender. The two best known types of 
tenders are the destroyer tender (AD) and the 
submarine tender (AS). Both conventional sub- 
marines and fleet ballistic missile submarines 
are tended by AS’s; however, the organization 
of the repair department of an AS that tends 
fleet ballistic missile submarines differs some- 
what from that of an AS that tends conventional 
submarines. 
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Since repairs and services to other ships 
are the primary functions of all repair ships 
and tenders, it is obvious that the repair de- 
partment on a repair ship or tender makes a 
direct and vital contribution to fleet support. 
The operating forces of the fleet depend upon 
the services provided by all personnel of the 
repair department, 


REPAIR DEPARTMENT ORGANIZATION 
AND PERSONNEL 


The type of repair ship to which you will 
probably be assigned will be one of the following: 
destroyer tender (AD), repair ship (AR), internal 
combustion engine repair ship (ARG), or sub- 
marine tender (AS). When you are assigned to 
shore duty at your trade, you will almost certainly 
be assigned to a billet in the Repair Depart- 
ment of the shore installation. Since the shore- 
based installation has the same essential mission 
as the repair ship, the organization will be 
similar. 

When you report aboard ship, you will need 
to learn the lines of authority and responsibility 
in the repair department. You will need to find 
out where your orders and assignments originate, 
exactly what is expected of you, and where to go 
for information, assistance, and advice. You 
can Start acquiring this knowledge by studying 
the following material on repair department 
organization and personnel. 

Repair department organization varies some- 
what from one ship to another, as may be seen 
by comparison of figures 2-1 and 2-2. Figure 
2-1 shows the organization of the repair de- 
partment on a typical repair ship (AR); figure 
2-2 shows the organization of the repair depart- 
ment on a fleet ballistic missile (FBM) sub- 
marine tender (AS). 

In comparing these two illustrations, you 
will notice several differences. For one thing, 
the repair department on the AR includes an 
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63.10(AR) 


Figure 2-1.— Organization of repair department on typical repair ship (AR). 


ordnance repair division (R-5) which is not 
included in the repair department of the AS. 
Instead, the AS has a separate weapons repair 
department under a weapons repair officer. 
Another difference is in the location of the 
shops you will work in. On all types of repair 
ships, you will probably be assigned to the R-1 
or R-2 division. The foundry is normally within 
the R-1 division organization; however, depending 
largely on the ship’s structure, the foundry 
could be within the R-2 division organization. 
Regardless of the division, your duties will 
be the same. 


The duties of personnel in the repair depart- 
ment vary somewhat according to the type of 
ship. However the following description of per- 
sonnel functions will give you a general idea 
of the way things are in most repair depart- 
ments, 


REPAIR OFFICER 


On a repair ship or tender, the repair officer 
is head of the repair department. As head of 
the repair department, the repair officer is 
responsible under the commanding officer for 
the accomplishment of repairs and alterations 
assigned by competent authority to be accom- 
plished on the ships tended or granted avail- 
abilities. The repair officer is also responsible 
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for the accomplishment of repairs and altera- 
tions to the ship itself (tender or repair ship) 
that are beyond the capacity of the engineering 
or other departments. It is the responsibility 
of the repair officer to maintain a well organized 
and efficiently operated department, or, in other 
words, ensure that his subordinates are per- 
forming as required. To do this, he issues and 
enforces repair department orders which govern 
department procedures. Like other department 
heads, he is also responsible for enforcing 
orders of higher authority. He must know the 
current workload and capacity of his crew and 
facilities, and keep the staff maintenance repre- 
sentative informed of the current status in 
order that the latter officer may properly sched- 
ule and assign ships. He is responsible for the 
review of work requests received via the staff 
maintenance representative from the ships as- 
signed for repair, and for acceptance or rejec- 
tion of the individual jobs according to the 
capacity of his department. He is responsible 
for the review and acceptance of any work 
lists or work requests which develop after an 
availability period has started. He is also re- 
sponsible for operating his department within 
the allotment granted, and for the initiation of 
requests for further funds, if required. He must 
ensure the accuracy, correctness, and prompt- 
ness of all correspondence, including messages, 
prepared for the commanding officers signature. 
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Figure 2-2. — Organization of repair department on fleet ballistic missile submarine tender (A5). 


The repair officer is charged with the review 
of all personnel matters arising within his 
divisions such as training, advancement in rate, 
assignment to divisions, and leave. In order to 
acquire a thorough knowledge of conditions and 
ensure adequate standards, he must make fre- 
quent inspections of his department and require 
his division officers to make corrections as 
necessary. 
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Specific duties of the repair officer vary 
somewhat, depending upon the type of repair 
Ship or tender. In general, however, a summary 
of the repair officer's duties include the follow- 
ing: 


1. Planning, preparing, and executing sched- · 
ules covering alterations and repair work as- 
signed to the repair department. 
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2, Establishing and operating the Planned 
Maintenance Subsystem of the 3-M System. 

3. Coordinating repair capabilities, work as- 
signments, and available personnel to ensure 
maximum utilization of manpower. 

4, Supervising and inspecting repairs and 
services to ensure timely and satisfactory com- 
pletion of work; providing controls for quality 
control, 

5. Preparing records, reports, forms, and 
orders in connection with repair functions and 
duties. 

6, Ensuring proper operation of all equip- 
ment and material assigned to the repair de- 
partment. 

7, Ensuring strict compliance with safety 
precautions and security measures. 

8, Reporting progress of major repairs and 
alterations to the commanding officer; keeping 
the executive officer informed; reporting prompt- 
ly any inability to meet scheduled completion 
dates. 


ASSISTANT REPAIR 
OFFICER 


In the absence of the repair officer, the 
assistant repair officer is charged with the re- 
sponsibilities of the repair officer. As the 
assistant repair officer, he is the personnel 
administrator for the repair department. Under 
his cognizance are the assignment of personnel, 
the administrative control of the repair office, 
and the department control of training. 

Specific duties of the assistant repair officer 
may vary somewhat, depending upon the type 
of repair ship or tender. In general, however, 
the duties of the assistant repair officer include 
the following: 


1. Assigns personnel to divisions, schools, 
shore patrol, and beach guard. 

2. Maintains a basic knowledge of appli- 
cable courses, schools, and rating programs 
necessary to further the men's education and 
their advancement in rate for the benefit of 
the men, the ship, and the Navy. 

3. Maintains the office stores and accounts. 

4. Assists the repair officer in all matters 
pertaining to general office routine, current 
availabilities of ships assigned to the repair 
ship or tender, and liaison between the repair 
office and the ships alongside, and shipyards. 

5. Reviews all work requests on receipt. 

6. Assigns work and priority rating to the 
divisions and shops. 
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7. Maintains liaison with the supply de- 
partment for materials on order, or to be 
ordered for the work requested. 

8, Procures the necessary blueprints, 
sketches, or samples for the shops. 

9. Schedules the services of tugs, cranes, 
and technical services, as available, for suc- 
cessful completion of an availability. 

10. Surveys the reports from the shops to 
ascertain the successful completion of all work 
during the allotted time. 

11. Analyzes manhour shop reports to deter- 
mine an even balance of work versus personnel 
assigned. Regulates the coordination between 
the repair office and the shops towards the full 
productive capacity of the repair facilities. 


OTHER ASSISTANTS 


In addition to the assistant repair officer, 
there are usually several other officers who 
assist the repair officer in the performance of 
repair department functions. These may include 
a production engineering assistant, a repair 
assistant, a radiological control officer, a de- 
partment training officer, and an administrative 
assistant. 


DIVISION OFFICERS 


Each division within the repair department 
is under a division officer. The division officer 
may be a commissioned officer, a warrant 
officer, or a chief petty officer. The duties of 
the division officer vary, of course, according 
to the nature of the work done in the division. 


ENLISTED PERSONNEL 


As a Molder assigned to the repair depart- 
ment of a repair ship or tender, you will work 
with men in a number of other ratings. It will 
be very much to your advantage to learn who 
these people are and what kind of work they do. 
Ratings that are often assigned to the repair 
department include (but are not limited to) the 
following: Opticalmen, Electronics Technicians, 
Radiomen, Fire Control Technicians, Gunner’s 
Mates, Draftsmen, Lithographers, Shipfitters, 
Damage Controlmen, Patternmakers, Machinery 
Repairmen, Machinist’s Mates,  Boilermen, 
Boilermakers, Enginemen, Electrician’s Mates, 
and I.C. Electricians. Ratings with which you 
will work closely, especially on castings, are 
the Patternmaker, Machinery Repairman, and 
the Shipfitter. 
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You can get some idea of the work done by 
men of these ratings by looking through the 
Manual of Qualifications for Advancement, Nav- 
Pers 18068 (revised). You can also learn about 
the work of these ratings by observing how the 
work is handled in the repair department. In 
handling repair work, it is often necessary for 
two or more shops (and two or more ratings) 
to cooperate in order to complete corrective 
maintenance actions. 


REPAIR DEPARTMENT SHOPS 


Each shop in the repair department is as- 
signed to one of the divisions. As a Molder, 
you will be concerned primarily with the foundry. 
However, you will find it very useful to learn 
as much as you can about the other shops. 
After you have gotten acquainted with personnel 
in your own shop and have learned to find your 
way around your own working spaces, make an 
effort to find out something about the other 
shops in the division and department. Find out 
where each shop is located, what kind of work 
is done in each shop, and what administrative 
procedures are necessary when one shop must 
call on the services of another for assistance 
in completing corrective maintenance actions. 


SHOP LAYOUT 


Shop layout and arrangement vary somewhat 
from one ship to another, depending upon the 
space available, the nature and amount of equip- 
ment provided, and the services that must be 
provided by the ship. The following discussion 
is intended to give a general picture of shop 
arrangements and class of foundries on AR, 
AS, and AD type ships; when you go aboard 
ship, you may very well find that the actual 
arrangement differs somewhat from the arrange- 
ments described here. 

The shop organization may vary from one 
duty station to another. In a large shop, there 
may be a degree of specialization, with individual 
crews performing separate operations, such as 
making cores, ramming molds, melting the 
metals, pouring castings, and cleaning and finish- 
ing castings. In the smaller shops, all types of 
operations will be performed by all members 
of the foundry. 


FOUNDRY 


A foundry is a space in which all types of 
foundry equipment and related material are 
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installed. The basic purpose of a foundry is to 
provide a space with the necessary equipment 
and materials to enable the molders (foundry- 
men) to produce serviceable castings and to 
repair bearings for the fleet. However, different 
class foundries aboard various types of repair 
ships have their limitations related to the type 
and maximum amount of metals that can be 
produced. 

The shop layout for a submarine tender foundry 
may differ from the one shown in figure 2-3. 
(This illustration is a typical example for some 
submarine tenders.) However, all foundry equip- 
ment is arranged in such a manner as to give 
the maximum working space in the central 
portion of the shop. This provision is made so 
that the molds (about 20) can be placed in rows 
and thereby aid in a safe pouring operation. 
Therefore, the equipment in most shops, is 
near the bulkhead. Figure 2-4 illustrates a view 
of a repair ship (AR) foundry. Notice the location 
of the equipment near the bulkhead and the space 
in the center of foundry for molds. 

The equipment required for a specific class 
foundry, however, is determined by its intended 
services. For example, a foundry that is capable 
of casting steel, cast iron, brass, and bronze 
up to 800 pounds maximum weight, would have 
two electric furnaces (capacity 500 pounds each), 
one oil fired furnace, one sand muller (3 cubic 
foot), one or two core ovens, one sand blast 
cabinet, one metal cutting bandsaw, and one 
floor grinder. 

Unlike the above class foundry, another in- 
tended service class foundry may be established 
at approximately 300 pounds for brass and 
bronze. In this instance, some of the equipment 
necessary for the 800 pound foundry would not 
be required in a 300 pound foundry. Therefore, 
various foundries will have limited equipment 
normally based on the intended service. 

Classes A, B, C, D, and E represent foundries 
designed for five types of services in accordance 
with the type of metal used or quantity of metal 
poured. However, due to variations within a 
class, the type of equipment allowance for each 
specific ship will be determined by its intended 
service, as indicated in the ship's specifications. 

Class A foundries are capable of casting steel, 
cast iron, brass, and bronze, up to 800 pounds 
maximum weight; and casting aluminum, babbitt, 
and zinc up to 200 pounds maximum weight. 

Class B foundries are capable of casting 
steel on a limited basis up to 500 pounds; cast 
iron, brass, and bronze up to 700 pounds; and 
aluminum, babbitt, and zinc up to 200 pounds. 
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Figure 2-3, — Foundry layout on a submarine tender (AS). 


Class C foundries are capable of casting 
steel on a limited basis up to 300 pounds, and 
cast iron up to 400 pounds on a limited basis. 
Brass and bronze up to 600 pounds, and aluminum, 
babbitt, and zinc up to 200 pounds, can be cast 
in Class C foundries. In foundries of this class, 
an oil-fired furnace is used when electric power 
is limited. 

Class D foundries are capable of producing 
castings principally of brass and bronze up to 
600 pounds, and only a limited amount of cast 
iron where additional air is available for higher 
heat input. 

Castings of brass and bronze upto 300 pounds, 
and low temperature allows up to 100 pounds, 
can be produced in Class E foundries. Although 
cast iron may be melted in Class E foundries, 
it is costly to do so. A knowledge of the capacity 
and heat output of the furnaces aboard your ship 
or station will enable you to determine the 
maximum weight casting of a certain alloy that 
can be produced with this equipment. In addition, 
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the molding method employed, and many other 
factors will determine the soundness of the 
casting which can be produced. 

The melting, tapping, pouring of molten metal, 
and operating foundry equipment comprises a 
potential threat to all personnel in the foundry. 
Therefore, the safety precautions will be dis- 
cussed throughout this training manual where 
applicable. 


Pattern Shop 


On most repair ships and tenders, the pattern 
Shop will be combined with the carpenter shop 
and will be responsible for all kinds of work 
involving the use of wood. However, the pattern 
shop's primary mission is the production of 
patterns for the foundry. Thus, it is obvious 
that the shop layout and work schedules in a 
combined pattern and carpenter shop must be 
flexible to allow for the various sizes of jobs 
which may be scheduled. 
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Figure 2-4.— View of a repair ship foundry. 


SHOP ADMINISTRA TION 


Each time you advance to a higher pay level, 
you will acquire increasing responsibilities in 
connection with shop administration. Although 
a ML2 is not normally assigned the complete 
responsibility for running a shop, you may at 
times be called upon to act as shop supervisor 
and perhaps even as division duty petty officer. 
You will therefore find it helpful to have some 
knowledge of the procedures that make for a 
smooth flow of work through the shop. Also, 
it should be noted that several requirements 
for advancement to ML2 require a knowledge 
of shop procedures, records, reports, and other 
administrative details. 
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If you are assigned to act as shop supervisor 
you will be responsible for: 


1. Planning, scheduling, and checking the 
progress of shop work requests. 

2, Expediting and inspecting all shop work 
and ensuring that all work is done correctly. 

3. Seeing that all existing orders, instruc- 
tions, and safety precautions are followed. 

4. Maintaining order and discipline in the 
shop. 

5. Signing receipts for all special custody 
tools and equipment issued to the shop. 

6. Maintaining the required records and mak- 
ing inventories, as required by your division 
officer. 
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7. Approving or disapproving special requests 
of shop personnel and explaining your reasons 
for approval or disapproval to the division 
officer at the time the requests are turned over 
to him. 

8. Inspecting the shop periodically through- 
out the working day and at the end of working 
hours to make sure that everything is clean and 
Shipshape and that fire and accident hazards 
do not exist. 


Shop administration requires a clear under- 
Standing of the functions and basic objectives 
of the shop. The shops on repair ships and 
tenders exist to provide services to the fleet, 
and all administrative procedures should con- 
tribute to this end. Good administration of a 
shop leads to accurate, rapid, and efficient 
handling of repair work. Poor administration 
causes confusion, delay, waste of time and 
materials, entanglement in unnecessary paper- 
Work, and general inefficiency. 

The following sections provide a brief in- 
troduction to certain important aspects of shop 
administration. Those aspects of shop adminis- 
tration that are directly related to the 3-M 
System are discussed in Military Requirements 


for Petty Officer 3 & 2, NavPers 10056-C. 
Shop Requisitioning Procedures 


Before studying this section, it is recom- 
mended that you review the information on 
supply in Military Requirements for Petty Offi- 
cer 3 & 2, NavPers 10056-C, so that you will 
have a better understanding of shop requisitioning 
procedures. 

The supply officer is responsible for main- 
taining adequate stocks of repair parts and other 
materials. However, repair department personnel 
must keep the supply officer informed as to the 
desired high and low stocking levels for repair 
parts and other materials used by the repair 
department. 

The user of repair parts, consumable sup- 
plies, and other materials must requisition the 
needed materials. Before you can requisition 
anything, you must be able to identify the mate- 
rial. This is not always so simple as it might 
sound, Let's take a look at some of the things 
you may need to know in order to identify the 
materials you need. 

The Federal Catalog System currently in use 
throughout the Department of Defense and the 
civilian agencies of the Government requires 
that only one identification number be assigned 
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to a specific item of equipment used by and 
carried under centralized inventory control of 
any civilian or military agency of the Federal 
Government, The Federal Catalog System names, 
describes, classifies, and numbers all items 
and publishes catalogs and stock and identifica- 
tion lists. 

The Federal Stock Number (FSN) is the key 
to material identification. Federal Stock Num- 
bers for an enormous number of items are 
given in Allowance Parts lists (APL's), Allow- 
ance Equipage Lists (AEL’s), and other lists 
issued by Navy commands, bureaus, or offices. 
Federal Stock Numbers are also given in some 
manufacturers?! technical manuals furnished to 
the Navy under contract with the equipment. 
You will also find Federal Stock Numbers given 
on some blueprints, standard drawings, and 
similar sources. If you can find a Federal 
Stock Number for an item you need, you should 
not have any trouble requisitioning the item. 

But what if you can’t find a Federal Stock 
Number? As a second choice, see if you can 
find an old Standard Navy Stock Number. If 
the old number is available, supply personnel 
may be able to help you find the new Federal 
Stock Number. 

The GROUPS in the Federal Supply Catalog 
that you may be concerned with are: 


Group 34—includes most metal working ma- 
chinery and equipment. 

Group 44 — includes melting equipment. 

Group 51 — includes all handtools. 

Group 53-— includes hardware and abrasives. 

Group 75 — includes office supplies. 

Group 80— includes brushes, paints, sealers, 
and adhesives, 

Group 96 — includes ores, minerals, and pri- 
mary products. 


Whenever you have difficulty in identifying a 
material or item that is needed, work closely 
with the supply department personnel who are 
actually responsible for identifying and requisi- 
tioning material. You have the technical knowl- 
edge, and you know what you need. But the 
supply personnel are familiar with many identi- 
fication publications and can usually help you 
identify the item — provided, of course, that you 
are able to give them enough standard identifying 
information so that they will know where to start 
looking. 

When you submit a requisition for any item, 
you are starting a long sequence of events that 
involves a great many people and a great many 
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actions such as procurement, movement of mate- 
rial, and maintenance of stock records. If your 
identification of the item is correct, and if you 
fill out the requisition accurately and completely, 
everything should flow smoothly and you should 
receive the item you order. If your identifica- 
tion is faulty, or if your requisition is not 
properly filled out, you can start a long sequence 
of confusion that can waste time all the way 
along the line. And chances are you won't get 
the item you need. 

Since the procedures for requisitioning mate- 
rial may vary somewhat from one shipto another, 
depending upon a number of factors, it is essen- 
tial that you follow the procedures in use on 
your own Ship. 

A procedure known as MILSTRIP (Military 
Standard Requisitioning and Issue Procedure) 
has been developed to permit automatic proc- 
essing of requisitions. Much of the information 
that formerly had to be written out in detail is 
now converted to codes that provide a common 
language for all of the Armed Forces and the 
General Services Administration. 

Most all repair ships and tenders have elec- 
tronic data processing equipment. MILSTRIP 
requisitions are submitted on DD Form 1348 
(Manual). The department that needs the material 
may partially prepare the form, depending upon 
the procedures in effect on your ship. If material 
is not on board your ship, the supply depart- 
ment will duplicate and transfer the information 
from the DD Form 1348 (Manual) to a requisi- 
tion form known as Form 1348 (Mechanized). 
Then the materialis ordered outside the activity 
using the electronic data processing equipment. 

When you need a repair part for which no 
Federal Stock Number can be located, the part 
must be ordered with the manufacturer's part 
number or reference number, together with the 
catalog number, as identification. In this event, 
it is necessary to submit both the DD Form 
1348 and an additional form known as NavSup 
302. 

When a ship is in port and in urgent need 
of certain repairs parts that are available locally, 
a bearer or walk-through requisition is some- 
times used. This type of requisition is pre- 
pared by supply personnel; the ship’s repre- 
sentative then takes it to the supply activity, 
walks it through the processing steps, and re- 
ceives the material. 

Although shop personnel do not have the 
overall responsibility for the shipboard stowage 
of materials and supplies, they do have certain 
responsibilities in connection with handling and 


stowing materials after they have been requisi- 
tioned. All materials stored in the foundry 
should be properly identified up to the moment 
at which they are actually used. Many materials 
require special handling and stowage. For ex- 
ample, some materials must be protected from 
rust and corrosion; and some must be protected 
from high temperatures. Some materials, such 
as gas cylinders and paints, must be stowed in 
accordance with special safety precautions. 


Shop Records and Reports 


Running any kind of a shop requires a certain 
amount of paperwork. Records, reports, work 
requests, inventories, and work progress forms 
and charts must be used and processed as re- 
quired on your ship. Some (but not all) shop 
records and reports are tied in with the 3-M 
System. Standard forms and blanks are pro- 
vided for keeping some of the required records 
and for making certain supply transactions. You 
can supplement the standard forms with shop 
logs and notebooks of your own design to meet 
your own specific needs. 

The WORK REQUEST, OPNAV 4700-2C, is 
one of the basic documents you will see and use 
in the repair department. The work request 
is part of the 3-M System, and is described in 
Military Requirements for Petty Officer 3&2, 
NavPers 10056-C. It is mentioned at this point 
only to note that it is one of the basic forms 
used for recording and reporting shop work. 

Although the terms ''work request'' and ''job 
order'' are sometimes used interchangeably, 
this is not technically correct. In the past, 
the term work request referred only to a 
request made up by the operating ship and 
forwarded through proper channels to the re- 
pair activity; as soon as the work request was 
approved by the repair activity, it was called 
a job order. Now, however, the term work 
request is used both for the initial request 
from the operating ship and for the request 
after it has been accepted by the repair activity. 
In other words, there are no more job orders— 
only work requests. After a work request has 
been accepted by a repair activity, it is used 
for workload planning, estimating, scheduling, 
and recording the completion of shop work. 

DAILY PROGRESS REPORTS are submitted 
on OPNAV 4700-2F (Work Supplement Card) 
to the division officer at the end of each work 
day, for each work request. This information is 
reproduced on the PRODUC TION REPORT (PR-1) 
daily; it is also reproduced on the MAINTENANCE 
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CONTROL REPORT (MCR 1) twice a week, 
usually on Tuesday and Thursday. These re- 


ports are used by the repair officer, the division: 


officer, and the shop supervisor. The reports сап 
be of great value to the repair officer in esti- 
mating the workload, the utilization of personnel, 
and the actual progress being made. Work Sup- 
plement Cards and Maintenance Control Reports 
are part of the 3-M System. 


In some shops, a more descriptive type of 
WORK PROGRESS REPORT may be required, 
in addition to the 3-M System progress reports 
just mentioned. If your shop maintains a de- 
scriptive type of work progress log, keep it up 
in accordance with local requirements. 


A MATERIAL EXPENDED RECORD is a 
very useful device for keeping track of the 
status of material. However, a record of this 
kind is utterly worthless unless it is faithfully 
maintained. This type of record can be kept 
in a notebook, using a separate section of the 
notebook for each type of material. The informa- 
tion on a material expended record should in- 
clude the date material is received, the amount 
received, the date expended, the amount ex- 
pended, and similar information. To facilitate 
the preparation of stub requisitions, you may 
also want to include such information as the 
quantities of the materials listed on the ship's 
allowance, the location of the spaces where the 
material is stowed, the stock numbers, and the 
correct nomenclature for each material item. 

In most shops you will find it necessary to 
keep an EQUIPMENT LOG. This log should 
list all portable tools assigned to the shop and 
should indicate the location of the tools. Are 
they in the shop? Or a toolroom? In a store- 
room? Assigned to an individual? The equipment 
log should include adequate identification of 
each tool, such as make, model, serial number, 
and so forth. The log should be kept up to date. 
A complete and current equipment log is a 
great help when you conduct periodic inventories. 


FOUNDRY PRACTICE AND 
PATTERNMAKING 


In order to make a mold, a pattern is nec- 
essary. Years ago many molds were made directly 
from a blueprint or from an old casting, but 
today wherever you find a Navy foundry there 
is also a pattern shop. Together they operate 
as a unit, and each is dependent on the other. 
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Without a pattern of some description the found- 
ries of today would find it very difficult if not 
impossible to operate. 

Before foundry practice was developed into 
a highly technical skill, most decisions per- 
taining to pattern construction and the method 
to be used to produce the cast part where made 
by the Patternmaker. Pattern construction rather 
than mold design was too often the primary 
consideration. Now though, it is.fully realized 
that the pattern is merely a means to an end; 
the mold's design, with which a metallurgically 
sound casting may be produced, is considered 
before the pattern is made. Experience has 
shown that sound castings are more consistently 
produced in the most economical manner when 
supervisory personnel representing the shops 
concerned with the several phases of a casting’s 
production cooperate in planning the production 
method. Pooling the skills of such a planning 
team is necessary for the creation of a sound 
pattern design that will produce a serviceable 
casting free from sand, shrinkage, porosity, 
hot tears, cracks, blow holes, cold shuts, drops, 
rat tails, pin holes, and other imperfections. 


TERMINOLOGY 


Before you can understand the subject matter 
related to foundry practice, you must know the 
terms used in this specialized trade. However, 
since patternmaking and foundry practice are 
closely related trades, particularly as founding 
applies to the practice of producing objects 
from metal by one of the casting processes, 
most of the trade terms are common to both 
trades. Many of the trade terms are completely 
unfamiliar to the layman, but they are the 
terms that will be used in your job. To provide 
you with the basic terminology of your technical 
field, foundry trade terms have been included 
in this training manual as APPENDIX I. If you 
study these foundry terms until you know them 
thoroughly, you will not only learn the trade 
terms in common usage among Molders and 
Patternmakers, but you will find thatthis training 
manual will be easier to understand because of 
your more precise knowledge. 


PATTERNMAKING 


To define a pattern accurately in all its 
aspects is difficult, but in simple terms a pattern 
is a model or guide with which a mold is made. 
From the Molder's viewpoint the model (pattern) 
is an imitation of a part that is to be made from 
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metal. The pattern is constructed with certain 
modifications in order that the Molder may 
accurately duplicate it in molding sand. Core 
prints are attached to the pattern for support 
of the dry sand cores that will form the interior 
part of the casting. Additional metal thickness 
(finish) is added to provided for final machining 
of the casting. The pattern is also made slightly 
oversize to compensate for the natural shrink- 
age or contraction of the metal as it cools to 
room temperature. All of the modifications made 
on a pattern are elementary (second nature) 
to the Patternmaker and are usually standard 
for a given type of metal or alloy. However, 
there are many ways of constructing a mold, 
and the pattern will largely determine which 
way is the most economical. 


The mold is actually a negative print of 
the pattern in molding sand. The pattern must 
be removed from the sand, leaving an undamaged 
cavity that can be filled with molten metal. 
To remove (withdraw) the pattern from the 
mold, a parting line (parting) and draft must 
be provided on the pattern. Prior to the con- 
Struction of the pattern, these things must be 
determined and they are as much the responsi- 
bility of the Molder as they are of the Pattern- 
maker. In effect, the plan for the molding pro- 
cedure is set up before the pattern is even 
started. 


Where does this plan for the molding pro- 
cedure come from? Actually, there are two 
common Sources, either an old casting or a 
blueprint. If the source is an old casting, the 
planning will be simplified. The metal of the 
old casting must be identified, the parting line 
and the amount of draft must be determined, 
and the sections (interior or exterior) that are 
to contain a core are established. A close 
visual inspection of the old casting will provide 
the answer to most of these questions. The 
parting line can usually be determined by a 
thin line of metal (fin) protruding a short distance 
from the side of the casting. The draft extends 
from the parting line on a slight angle to the 
surface that is away from the parting line. When 
the source of a plan is a blueprint, it becomes 
necessary for the Molder to read and interpret 
the blueprint if he is to assist the Patternmaker 
in planning the construction of the pattern and 
the mold. (Additional information on blueprints 
and blueprint reading may be found in chapter 
6 of this training manual and in Blueprint Read- 
ing and Sketching, NavPers 10077-B.) 
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FOUNDRY WORK 


Founding or foundry practice involves four 
basic procedures: molding, coremaking, melting 
and pouring molten metals, and cleaning and 
finishing. Each of these basic procedures may 
be considered a trade within itself, and each 
requires Special skills and knowledge that are 
peculiar only to the foundry. Briefly, the four 
basic procedures in the production of a casting 
are described in the following paragraphs. 

The MOLD may be considered the heart of 
the foundry because it represents the center of 
all activities and other phases of foundry prac- 
tices are grouped around it. The purpose of 
a mold is to form a cavity with accurate dimen- 
sions that will hold and support molten metal 
until it becomes solid. A mold is constructed 
of tempered sand bonded with clay or binders 
that is rammed in a flask and around a pattern 
that has the required shape and size for the 
desired casting. Provisions are made for the 
opening of the mold and the withdrawal of the 
pattern. An opening is provided for introducing 
the molten metal into the mold cavity left when 
the pattern is removed. 

COREMAKING is closely related to the mold 
because the core actually becomes a part of the 
mold prior to pouring of the molten metal. The 
purpose of a core is to form a cavity within the 
casting or to aid the Molder when the surface 
of the mold cavity is irregular or difficult to 
form molding sand. The core has a difficult 
job to perform and therefore core sand mixtures 
require a special treatment. The sand from 
which the core is made is prepared from mate- 
rials that provide the core with the ability to 
occupy these cavities in the mold without collaps- 
ing. The prepared sand mixture is rammed into 
CORE BOXES that will give the core the desired 
shape. The core box is removed from the core 
and the core is placed on a flat metal plate and 
baked in an oven to fully develop the properties 
that are characteristic of the materials that 
are used in the core sand mixture. After finish- 
ing and assembly, the core is placed in the 
mold cavity where it serves to form part of 
the interior or exterior of the casting. 

MELTING and POURING of metals is a 
science that requires the utmost accuracy and 
skill if sound usable castings are to be pro- 
duced that will meet the rigid specifications 
set forth by NavShips. Melting is done in units 
called FURNACES, either oil-fired or electric. 
Heats are prepared from basic metals and 
placed in the furnace. The furnace operator 
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melts the metal and brings the temperature 
up to the required pouring temperature. When 
the metal or alloy is ready for pouring, the 
metal is tapped from the furnace into ladles, 
transported to the mold, and poured into the 
mold cavity through the opening in the mold 
provided by the Molder. As the metal becomes 
solid, the casting will assume the shape of the 
original part or pattern from which the mold 
was made. 

After cooling to room temperature, the mold 
is opened and the sand is removed from around 
the casting. The casting is now ready for the 
final phase of producing a casting, CLEANING 
and FINISHING. When a casting is taken from 
the mold there is a certain amount of sand that 
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will adhere to the surface of the casting. High 
temperature metals will fuse or penetrate the 
sand to depths of varying degrees. Therefore 
the sand must be removed by sand blasting, wire 
brushing, or chipping prior to the machining 
of the casting. All cores must be knocked out 
of the casting, all projections not part of the 
finished casting are to be removed, and all 
as-cast surfaces must be smooth. Any defect(s) 
in the casting must be found, and repaired if 
possible; when repairing is not possible, the 
casting is rejected and another made. 

In the Navy, these founding practices are 
accomplished in foundries which are classified 
according to the type and volume of work accom- 
plished. 


CHAPTER 3 
MOLDER'S TOOLS 


As a Molder, you are required to use foundry 
tools including all types of rammers, slicks, 
double-enders, spoons, lifters, draw spikes, gate 
cutters, sprue sticks, sprue cutters, bellows, 
Shovels and riddles in the construction of molds. 
Not only are you required to know how to use 
these tools, but you will also have to maintain 
them. In addition, you are held responsible by 
your shop supervisor for those tools assigned 
you. Therefore, this chapter identifies, describes, 
and gives you the function of foundry tools and 
methods for maintaining them. In addition, the 
operation of chipping hammers and rammers is 
discussed, pointing out the approved solvents that 
can be used and the safety precautions to be 
observed. Then, a method is given for the con- 
trol of hand tools. Lastly, basic tools are dis- 
cussed so that you should be able to determine 
if a review of the applicable parts of Basic 
Handtools is necessary. 


BASIC TOOLS 


Just as a Patternmaker needs more than a 
blueprint to construct a pattern, so does the 
Molder require more than a pattern to construct 
a mold and pour a casting. He needs molding 
materials, melting equipment, and know-how, 
in addition to molding handtools. Foundry equip- 
ment, such as furnaces, ovens, sandmullers, and 
flasks are discussed in Chapters 4 and 5. Pattern- 
making and Mold Materials and Tests are pre- 
sented in Chapters 6 and 7. The know-how is the 
meat of the other chapters. But first, let's take a 
look at the handtools used by the Molder. 


Basic tools are important in any shop. Found- 
ries are not excepted. Hammers, wrenches, 
punches, chisels, files, drills, hacksaws, and 
measuring devices are indispensable to personnel 
engaged in repair work or shop upkeep. True, 
Molders have fewer occasions to employ these 
general tools than do those with other ratings 
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in the repair department. Nevertheless, main- 
tenance work in the foundry requires devices 
other than those designed specifically for con- 
Structing molds and cores, or for pouring and 
cleaning castings. 

To meet the requirements for Fireman, you 
had to know basic tools. For that reason, this 
training manual does not discuss general hand- 
tools. It assumes that you are already familiar 
with them. However, if tools mean nothing more 
to you than a series of items in the Federal 
Supply Catalog, by all means devote some time 
to the study Basic Handtools, NavPers 10085-A. 


SPECIAL MOLDING TOOLS 


In addition to an adeptness with basic tools, 
a Molder needs an expert's ability with those 
tools peculiar to his craft. Usually, the tools 
used by one craftsman in the metalworking 
trades are similar to those used by another. 
But Molders’ tools are different. They are 
designed to facilitate the construction of sand 
molds into which hot liquid metal is subse- 
quently poured to produce castings. 


As you learn how to perform the simple 
foundry processes, you will understand the special 
uses of the molder's tools, and find that you are 
reaching automatically for the one that will 
best serve your purpose, Remember that the 
tools described in this chapter are those that 
you will need to perform a sequence of opera- 
tions that can be briefly stated as follows: 


1. Pack the sand around the pattern, ramming 
it tight. 


2. Provide a gateway for the molten metal to 
reach the mold cavity. 


3. Draw out the pattern. 


4. Smooth the mold, reforming it where neces- 
sary. 
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HANDTOOLS 


Two of the most frequently used tools in the 
foundry, the shovel and the riddle or sieve, 
are shown in figure 3-1. These tools are gen- 
erally used in conjunction with each other; the 
one to move and mix sand, the other to riddle 
or sift or to separate the larger sand particles 
from the smaller, and to remove foreign matter 
from the sand. 

At first glance, the Molder’s shovel appears 
to be only a little different from others you 
may have used. On close examination, however, 
you will notice that the blade is relatively 
flat and is square-pointed. The shovel is useful 
when mixing sand, because its flat blade permits 
material to slide off the front or side easily. 
This feature facilitates the sand-mixing and 
molding operation. 

A foundry sieve, commonly called a RIDDLE, 
is 18 to 24 inches in diameter and about 5 inches 
deep. It consists of a wooden rim with brass or 
steel wire-mesh bottom. The size of a riddle is 
based on the number of meshes — square-shaped 
openings —to the running inch. For example, 
a number four riddle has four meshes per 
inch, a number six has six, a number eight has 
eight, and so on. Thus, the higher the riddle 
number, the smaller fhe mesh. The riddle sizes 
available in the Navy are: two, three, four, 
six, eight, and twelve. The one that is used for 
a given job depends upon the sand fineness 
required. Although a number six or a number 
eight riddle is most commonly used, riddles 
with larger meshes are useful when sifting 
coarse materials or when removing nails and 
other items from previously used sand. 
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Figure 3-1.— Riddle and shovel. 


To produce a satisfactory mold, you must 
take care to tightly pack the sand in which the 
mold cavity is formed. Some support must be 
provided for the pattern and also at the bottom 
of the mold to retain the sand in the drag. Flat, 
smooth boards known as MOLDING BOARDS 
(see fig. 3-2) are used to support the pattern 
during ramming, and provide a flat parting 
surface. These molding boards (wood) are rein- 
forced with cleats and have a true surface upon 
which the pattern is laid for ramming the mold. 
The molding board is removed after the roll- 
over practice is complete. Thus the mold is resting 
on a BOTTOM BOARD, Bottom boards are similar 
to molding board. Bottom boards can be made 
from wood or metal. 

Handtools for packing sand into molds vary 
from shop to shop, but those shown in Figure 
3-3 are typical of those used in Navy foundries. 
There are two basic types of rammers; bench 
rammers and floor rammers. 

The hand BENCH RAMMER is most con- 
venient for small molding jobs. Some Molders 
prefer metal bench rammers, but the standard 
toolis made entirely from oil-finished hardwood. 
Its overall length is 14 inches, and the diameter 
of the butt is 3-1/2 inches. 

A FLOOR RAMMER, as its name implies, 
is used to ram large molds on the foundry floor. 
Like its smaller running mate, the floor rammer 
has a wedge-shaped peen and a cylindrical butt. 
Like the bench rammer, the floor rammer 
varies from shop to shop. Why? Because many 
Molders prefer to make and use tools of their 
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Figure 3-2. — Molding and bottom boards. 
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102.3 
Figure 3-3. — Rammers. 


own design. For that reason, some floor rammers 
are made entirely from metal, and have a handle 
made of bar stock or pipe permanently welded 
or bolted to the peen and butt. Others, like the 
standard item illustrated, have a 42-inch hickory 
handle with a cast-iron peen secured to one end 
and a cast-iron butt secured to the other. The 
peen of standard floor rammer is 7-1/2 inches 
long and 3-1/8 inches wide; the butt end is 6 
inches long and 4-1/8 inches in diameter. 


If ramming is done solely with the butt of the 
bench or floor rammer, the sand will be packed 
unevenly, with the top sand tight but with sand 
at the bottom of the mold loose. You should use 
the peen for initial ramming, since its smaller 
end surface promotes a deeper packing penetra- 
tion, and packs the sand from the bottom up. 
The butt of the rammer is used for topping 
off —that is, for tamping the top portion of the 
sand mold. The larger surface of the butt causes 
a shallow penetration, because the force of the 
stroke is distributed over a relatively wider 
area. The butt can also be used to smooth off 
the top of the mold. 


Once you have the mold rammed, you can use 
a simple tool, called a STRIKE, to scrape off 
excess sand and level the mold surface. Wooden 
strikes can be used, but you willfind that constant 
service tends to wear away the straight edge 
of a wooden tool. A lightweight angle bar, or 
a 36-inch length of 1-1/4 x 1/4 inch steel bar 
Stock, makes a suitable strike. The tool should 
be light enough for ease in handling, but at the 
same time rigid enough to resist excessive 
bending while in normal use, Use it with the 
narrow edge down, and move it the length of 
the flask with a zigzag or sawing motion; be 
sure to keep each end of the strike bearing 
on the flask's upper edges at all times. Figure 
3-4 illustrates a mold surface being leveled 
off with a strike. 
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102.52.4 
Figure 3-4.— Using a strike. 


Another common molding tool is the TROWEL, 
for shaping and smoothing the larger surfaces 
of a mold. Trowels vary in blade shape, blade 
width, and overall length. They are measured by 
width and length of blade. As with many other 
molding tools, the selection of the type to be 
used depends chiefly upon the Molder’s personal 
preference, (See fig. 3-5.) 

A LIFTER may be employed аз a smoothing 
tool in places where a trowel cannot be used. 
Primarily, lifters are designed for removing 
loose sand from the bottoms of deep mold 
cavities, and for cleaning and finishing the 
bottoms and sides of openings. The long stem 
of the lifter facilitates its use on the sides of 
holes of smaller diameter, and its 90-degree 
toe makes it suitable for slicking the bottom 
of a hole after loose sand particles have been 
removed. Essentially, one lifter is very much 
like another, although they vary somewhat in 
length and width, and in having straight, offset, 
or twisted stems. 

SLICKS are used for repairing and slicking 
small surfaces. They are designated by shape 
and width of blade. The blades of flat slicks 
and oval spoons range in width from 3/8 inch to 
1-1/4 inches, and are shaped to suit a variety 
of needs. You will find that, with few exceptions, 
these tools are double-ended; that is, they consist 
of two distinct tools, or blades, at opposite 
ends of a shank. On some tools, the blades 
are similar in shape, and differ only in size. 
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Figure 3-5. — Mold finishing tools. 


Other types of slick, such as the taper and 


oval spoon, the taper and square, the stove 
tool, and the slick and bead, have a different 
shape on each end of the shaft, or stem. 

For special smoothing operations, you can 
use CORNER SLICKS, PIPE SLICKS, FLANGE 
TOOLS, or HUB TOOLS, Corner slicks are 
mainly used on dry sand and loam work; they 
can also be used to slick the corners of molds 
where a regular slick, or the heel of a lifter, 
would not be satisfactory. These corner tools, 
although usually made from cast iron, can also 
be made from sheet metal. They are usually 
formed with a 90-degree angle. 

Pipe slicks are used for slicking cavities in 
molds constructed to produce cast valves, or 


pipe fittings, or other cylindricalsurfaces. These 
also can be made from cast iron or from sheet 
metal, and are made in various sizes. 

Flange tools are employed for slicking around 
the mold surfaces of pipe flanges, valves, and 
similar areas. They have rounded, crescent 
blades, formed to different radii; and tools of 
different blade radii are selected for use on 
flanges of different sizes. This tool can be 
fabricated from steel bar stock. 

Another special slick is the hub tool, de- 
signed to work in small cylindrical depressions 
such as those that are formed by bosses or 
by wheel hubs. The hub tool resembles a lifter, 
but its stem is offset differently, and its blade 
is thicker and has a slightly rounded edge. 
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You can see that the tools for lifting loose 
sand from mold depressions, and for smoothing 
the surfaces, are numerous, In deciding whether 
to select a trowel, a lifter, a slick, a spoon, 
or a bead, you should be guided by the general 
shape of the area. Use a trowel on large, flat 
surfaces; use a lifter for narrow or deep de- 
pressions; use a slick on small, flat surfaces; 
use a spoon on concave surfaces of large radius; 
and use a bead on special hollowed mold sur- 
faces. 

All the handtools so far discussed are used 
in giving the mold cavity a shape that conforms 
to that of the desired casting. However, every 
mold must be given some provision for the free 
entry of the molten metal that will form the 
casting, and for the escape of the mold gases. 
The tools most frequently used to do this are 
SPRUE STICKS, SPRUE CUTTERS, GATE CUT- 
TERS, and VENT RODS. A sprue cutter, a 
gage cutter, and vent rod are shown in figure 
3-6. When using sprue sticks or sprue cutters 
and gate cutters, be careful to slick the mold 
solidly; otherwise, loosened sand may be carried 
into the mold cavity along with the molten 
metal. 

The sprue stick is a round, tapered solid 
piece of wood, usually about 9 inches long. The 
sand is rammed around it during the forma- 
tion of the mold cavity, and the stick is with- 
drawn after the cope has been rammed. Use 
a sprue stick with all-purpose sand, which is 
so hard that a sprue cutter could not be inserted 
after the ramming is done. 

The tubular sprue cutter is a tapered, seam- 
less steel tube with a beaded edge at the larger 
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Figure 3-6. —5ргие cutter, gate cutter, and vent. 
rod. 
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end as shown in figure 3-6. When it is used, 
the cope is first rammed; then, the sprue cutter 
is forced down through the cope at the selected 
location. The sprue cutter is then withdrawn 
leaving a vertical channel (sprue) through the 
cope into the drag near the pattern. 

The gate cutter is a thin sheet of metal, 
having a rounded toe, and bent to an angle that 
suits the requirements of usual jobs. It is used 
to clear a horizontal passage for the molten 
metal, from the foot of the sprue into the 
mold cavity. To cut a groove, or gate, into the 
sand, grasp one flange of the gate cutter, and 
with the rounded edge bite into the sand at the 
sprue for the required depth. Then draw the 
gate cutter through the mold surface, to form 
the gate. The types of gates that may be cut 
are fairly numerous. Some types are quite 
difficult to form, and there is always a need 
to give special attention to their size and loca- 
tion. You will have to practice this technique, 
in order to develop the steadiness of hand which 
it requires. 

Vent roas are used to form openings in the 
sand that will permit the escape of gases formed 
in the mold cavity when the molten metal is 
poured. The vent wire, usually about 3/32 inch 
in diameter, is slightly enlarged at one end; 
the other end has either a bend or loop in the 
wire, or a wooden handle. 

After the mold has been rammed and vented, 
and the sprues and gates formed (and risers 
provided as reservoirs for hot metal), you will 
be ready to remove the pattern from the mold. 
Use a rawhide mallet to tan upon the pattern 
until it is loose enough to be withdrawn. Occa- 
sionally, you may have to add some moisture 
to the sand, either before you withdraw the 
pattern, or to effect mold repairs afterwards. 
BE CAREFUL TO USE A MINIMUM AMOUNT 
OF MOISTURE; if the sand was properly pre- 
pared for molding, no additional water will be 
required. 

If the contact area between pattern and sand 
must be moistened before the pattern can be 
drawn, use either a BULB SPONGE or a FLAX 
SWAB, (See fig. 3-7.) The bulb sponge ends in 
a camel’s hair brush instead of a tube; pressure 
on the bulb forces the water through the stem 
to the brush, and the moisture is applied in 
the same manner as you would paint a surface. 
The swab is a device somewhat like a horse’s 
tail, aud is suitable for use on a large molding 
job. After immersion, the Пас will retain a con- 
siderable amount of water, which can be applied 
to the surface of the sand by moving the tip of 
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Figure 3-7,— Moisture-adding tools. 


the swab over the sand. Have the tip just touch 
the area requiring moisture, and squeeze the 
body of the swab when more water is needed at 
the tip. | 

The SPRAY CAN is another device that can 
be used for moistening any portion of a mold. 
A nozzle in the can's mouthpiece makes it 
possible to discharge a fine spray over the mold 
surface. Use a spray can when you wish to 
spray a finished mold, either with plain water 
or with a special mixture called a mold wash. 

Some device is required for lifting a pattern 
from the sand. For small patterns, use a DRAW 
SPIKE, which is a sharpened piece of metal 
similar to an ice pick. (See fig. 3-8.) With a 
very little pressure, you can force the point 
into the pattern, where it will be held by friction. 
Then rap the spike lightly on each side, to 
loosen the pattern, and lift with a slow upward 
motion. If necessary, steady the pattern with 
one hand, to avoid damage to the mold. 

On all but the smallest patterns, drawing is 
done by means of LIFTING SCREWS and RAPPING 
PLATES. These plates, built into the pattern 
parting surface, are equipped with at least two 
holes, One or more holes are threaded, to re- 
ceive the matching thread of the lifting screw. 
At least one unthreaded hole is provided in the 
rapping plate, to receive the rapping bar. You 
can see that the use of lifting screws and 
rapping plates works to prolong the life of 
patterns, since there is no puncture such as 
must be made with a draw spike, and the de- 
structive effect of rapping is taken up by the 
metal plate. Figure 3-8 shows a lifting screw 
and a rapping plate. 

Two hand tools that are frequently used by 
the Molder are the BELLOWS, and BRUSHES 
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Figure 3-8.— Using a draw spike. 


of various kinds. These are the tools you will 
employ for dusting off a pattern before you start 
to ram the mold, for removing sand from the 
surface of a mold, or for applying powdered 
graphite to a finished mold surface. 

Although some Molders prefer compressed 
air for blowing away excess sand, you will find 
that with the bellows you have much better 
control of the air jet, and can vary it froma 
soft current to a relatively harsh blast. The 
intensity of the air stream depends upon the 
amount of force you apply to the handles of 
the bellows. | 

A foxtail or counter brush сап be used to 
dust off patterns, mold board, and similar ob- 
jects before, during, and after the molding 
processes. Camel’s hair brushes are suitable 
for applying powdered graphite to mold surface 
areas, and especially to the channels cut for 
gates and risers. (See fig. 3-9.) 


PNEUMATIC TOOLS 


Certain pneumatic tools, such as the HAM- 
MER or CHIPPING GUN, and the RAMMER, 
are a necessary part of the Molder's shop 
equipment. These tools are simple to operate, 
once you have learned how to handle them 
properly, and how to keep them in good working 
condition. (See fig. 3-10 and 3-11.) 

Chipping guns are used not only to chip out 
defects in castings, but also to remove gates 
and risers. A cold chisel is mounted on the 
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102.7 
Figure 3-9.— Bellows and camel hair brushes. 


hammer; with the hammer firmly held, and the 
chisel guided at the proper angle, the operation 
of the pneumatic hammer differs very little 
from that followed when you use a hand chisel 
and a ball peen hammer. 

When the pneumatic hammer is used upon a 
heavy casting, no special precautions are neces- 
sary for holding the work so that it will not 
slip. Small castings, however, will have to be 
secured іп a vi$e. On large or small work, 
the operator will have to wear gloves and goggles, 
to protect himself from the metal chips. 

New chipping hammers are treated inside and 
out with a heavy oil to preserve them and to 
prevent rusting. Before placing a new hammer 
in service, the heavy duty oil must be removed. 
The removal of the oil can be accomplished by 
washing the exterior of the tool with an approved 
solvent, such as trichloroethane, dry cleaning 
solvent (type II), or diesel oil as a last resort. 
Next, pour one or two teaspoonfuls of the approved 
solvent into the air inlet and attach air hose. 
Now, insert chisel into front end of hammer 
and hold the chisel against the work or a relative- 
ly solid object. Then, open the throttle and run 
tool for approximately 30 seconds. Immediately 
after flushing with the approved solvent, pour 
about one teaspoonful of light weight oil into the 
air inlet and again run slightly so that the oil 
reaches all parts. 

(Caution: Trichloroethane is a chlorinated 
solvent which is nonexplosive and nonflammable, 
but it has appreciable toxic effects. Therefore, 
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liberal ventilation should be provided. This can 
be accomplished by engaging the exhaust ventila- 
tion System. Finally, dry cleaning solvent, type 
II, is a safety type solvent in which the fire and 
health hazards have been minimized. Neverthe- 
less, precautions against fire and explosion 
should be observed regardless ofthe type solvents 
that are used.) 


The moving parts of pneumatic hammers are 
closely fitted, and if proper lubrication is 
neglected, rapid wearing of the tool will result. 
After every two hours of operation, disconnect 
the hammer from the hose and squirt about one 
teaspoonful of light weight oil into the air inlet. 
Periodic lubrication is essential when the tool 
is in use, because the compressed air that 
drives the piston of the chipping gun has a 
tendency to drive the lubricant out through the 
exhaust port. 


To prolong the life of a chipping hammer, the 
following operating precautions must be ob- 
served. Never operate a chipping hammer without 
a chisel. When operating the chipping hammer, 
the chisel must be in contact with a relative 
solid mass. Failure to do so permits the piston 
to strike the bridge inside the barrel which may 
result in damage. Always use clean oil. Dirty 
oil may cause scoring and cutting of moving 
parts. Never use a sticky or gum-forming oil. 
It will cause the hammer to operate sluggishly. 


When a chipping hammer is not in service, 
it is a good practice to suspend it in a clean 
bath of light weight oil. This will prevent the 
parts from rusting. 


Pneumatic rammers are particularly useful 
when you must work Navy all-purpose sand. 
The relatively small steel butt, and the powerful 
pneumatic action, make it possible to pack 
sand more tightly with this tool than with the 
hand rammer. 

Many foundries are equipped with two types 
of pneumatic rammer, bench and floor, and have 
butt and peen attachments that are interchange- 
able. If your shop has a tool that is not supplied 
with a peen, it will not be difficult to fabricate 
one. However, a peen is not really necessary, 
because the rapidity and force of impact of the 
tool makes the butt an adequate ramming instru- 
ment. 

It is a simple matter to place a pneumatic 
rammer into service. Connect an air-line hose 
to a source of compressed air, and to the air 
inlet fitting on the tool, and then oper the com- 
pressed air service valve. To operate the tool, 
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Figure 3-10. — Pneumatic chipping hammer. 
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Figure 3-11.— Pneumatic rammer. 
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squeeze the throttle lever on the rammer, and 
direct the tamping action where you want it. 

Lubrication of these tools should be periodic, 
not left until there is an operating failure. 
After each 3-hour period of use, you should 
secure the air pressure, disconnect the air hose, 
and squirt a teaspoonful of light oil into the air 
inlet fitting on the rammer. You can then re- 
connect the air hose and resume your ramming 
operation. 


On pneumatic rammers that have a built-in 
lubricating unit, it is not necessary to remove 
the air hose from the rammer. The lubricating 
procedure consists simply in releasing the 
throttle valve to stop the ramming, and then 
holding down the lubrication button for a time 
of about 10 seconds. At least once each week, 
the lubricating unit should be filled with the 
proper oil. 


MAINTENANCE OF TOOLS 


All handtools and pneumatic tools should be 
inspected and cleaned as soon as possible after 
they are used. If it is not possible or practicable 
to clean tools immediately, they should be cleaned 
at the end of the working day. 


MAINTENANCE OF HANDTOOLS 


At the end of a work day, handtools should 
be inspected and cleaned. (In some instances 
tools are cleaned during the work day.) Sand 
that adheres to a riddle is removed with a wire 
brush. After cleaning, the wire mesh screen 
of a riddle should be inspected for broken mesh. 
Bring broken mesh to the attention of the shop 
supervisor; in most instances, he will replace 
the riddle with a new one. 

Shovels are constantly used in molding prac- 
tices with sand. During the process of shoveling 
sand that contains moisture, sand will adhere 
to the metal surface of the shovel adding extra 
weight to the shovel. Tons of sand are moved 
from sand bins and tempered each day. There- 
fore, any extra sand accumulation on the shóvel 
blade will result in extra energy spent unneces- 
sarily by the Molder. Therefore, during the work 
day, a wire brush should be used to remove any 
accumulation of sand. Then, at the end of each 
work day, the shovel should be cleaned and a 
light protective coating of oil applied to shovel 
blade with a rag. This will prevent the shovel 
from rusting which causes pitting. 


In general, all mold finishing tools that rust 
readily should be coated with a light film of oil 
at the end of each work day. 


MAINTENANCE OF PNEUMATIC 
TOOLS 


The life and usefulness of pneumatic chipping 


hammers and rammers depend upon the main- 
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tenance and care which you give them, You should 
have access to manufacturer's technical manuals 
in your shop. Make use of the appropriate 
manual; especially use it as a guide when you 
disassemble the tool. 

Unlike other tools, CHIPPING HAMMERS 
are not used frequently. Therefore, it is good 
practice to suspend them in a clean bath of 
light weight oil. This will prevent the internal 
and external parts from rusting. 

A removable, hardened steel nozzle is pressed 
into the front of each chipping hammer barrel 
(see fig. 3-12). The nozzle is the medium by 
which a good fit between chisel and hammer can 
be easily and economically maintained. The fit 
of the chisel shank inthe nozzle hole is important. 
A worm nozzle decreases the efficiency of the 
hammer, wastes air, causes rapid wear on the 
parts, and makes the tool hard to hold. If the 
efficiency of the tool decreases and there is a 
noticeable air blow at the front of the barrel, 
the nozzle is probably worn and needs to be 
replaced. 

A leaking throttle can usually be attributed 
to particles of dirt, rust, or scale which become 
lodged between the throttle valve and the beveled 
seat in the handle. To clean the throttle, un- 
screw the throttle valve cap and remove the 
throttle valve spring and throttle valve. Then, 
wash the parts in an approved solvent and re- 
assemble. If the throttle valve continues to leak 
after cleaning, refer tothe manufacturer's manual 
for repair procedures. 

In general, any difficulties that you will have 
with the PNEUMATIC RAMMER will arise from 
air leaks, or from inadequate lubrication. 

Any air leak will reduce the striking power 
of the tool, and a noticeable air leak around 
the rod at the front end of the barrel will affect 
operation. First try tightening the packing nut, 
but if the leak persists, you will have to replace 
the packing. 

Slack off the locknut, remove the packing nut, 
and dig out the old packing. Insert new packing 
rings, taking care to install them so that the 
ring joints are staggered; this precaution is to 
lessen the chance of air leak through the ring 
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Figure 3-12.—Cross sectional view of chipping hammer. 


joints, While you tighten the packing nut, keep 
sliding the piston back and forth. When you 
notice a slight resistance to sliding, you can 
tighten up the locknut. Just a slight drag should 
be your signal for tightening, for if you set the 
packing nut too tightly, the result will be a rapid 
wearing of the new packing. 


Care necessitated by an air leak around the 
throttle of a rammer is basically the same as 
required for a chipping hammer, A thorough 
cleaning will probably restore an airtight fit. 
In extreme cases, it may be necessary to lap 
in the valve with a fine-grained grinding com- 
pound. 


Faulty operation is sometimes caused by 
sluggish movement of a piston that has become 
gummy with oil. Squirting a small amount of 
approved solvent into the air inlet, running the 
tool for about 30 seconds, and then relubricating 
with light oil, may be enough to remedy the 
situation. If the tool remains sluggish, however, 
you will have to disassemble the entire unit, 
and carefully wash each part in solvent. Be 
sure to remove any grit that may be present. 
Then reassemble the tool, and lubricate it with 
the proper oil. 


CONTROL OF TOOLS 


Normally, if shop space permits and sufficient 
tools are available, you will be assigned a tool- 
box containing tools ordinarily used. Tools of 
this type would include trowels, double enders, 
lifters, sprue formers, vent rods, gate cutters, 
and so forth. In most instances, you will sign 
a tool log that contains the itemized list of 
tools. Therefore, you will be responsible to 
your shop supervisor for the maintenance and 
control of the tools assigned you. This method 
of tool control speeds up production of work. 
You will always know what tools you have and 
you can locate them without loss of time. If 
for some reason you should lose a tool, bring 
it to the attention of your shop supervisor. 

Particularly valuable and hard-to-get tools 
are normally locked in special lockers, drawers, 
cabinets, or toolboxes. The tools included in 
this group are portable power tools, pneumatic 
tools, gages, pliers, wrenches, files, hammers, 
drills, and so forth. The shop supervisor nor- 
mally controls the keys for these tools, and 
usually he will assign the keys (frequently called 
duty keys) to the duty petty officer at the end 
of the regular working day. 
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CHAPTER 4 
FOUNDRY EQUIPMENT 


Shipboard foundries differ from each other 
in the kind and capacity of their equipment. 
As stated in chapter 2, the reason for these 
differences is that repair ships, tenders, and 
shore installations are not designed to render 
identical services to the forces afloat. The 
equipment available in a particular activity or 
aboard a specific ship depends to a great extent 
upon the kind and volume of the metal to be 
cast. 


Certain types of equipment, however, are 
found at all Navy foundries. These facilities 
include not only furnaces (see chapter 5) but also 
sand mulling machines, mold containers (flasks), 
crucibles and ladles, portable heating torches, 
facilities for cleaning and finishing castings, 
and devices for temperature control. 


SAND PREPARING AND 
TESTING EQUIPMENT 


A big item in any foundry is sand control. To 
produce sound castings, molding and core sands 
must be properly mixed. Not only must the sand’s 
properties be carefully developed, but its mois- 
ture content must also be uniformly maintained. 
Some years ago, all Molders mixed sand entirely 
by hand. They determined the sand's moisture 
content by ''feel'' and by ''guess.'' Today, guess- 
work is taken out of sand preparation by mixing 
the material in special machines. Instead of 
guessing at moisture content, Molders test sand 
with instruments. By using sand preparing equip- 
ment and moisture testers, faulty castings due 
to improperly prepared sand are avoided. 


To the outsider, the idea of preparing foundry 
sand seems a bit far-fetched. To him, whether 
it is found on the beach or in the foundry, a sand 
heap is a sand heap. All the same, a casual 
observer would not think much of a baker who 
expected to produce a cake by throwing random 
quantities of ingredients into a pan. It is much 


33 


the same in a foundry. Merely combining mate- 
rials will not provide a sand suitable for molding. 
To obtain a desirable product, both the baker 
and the Molder carefully select and weigh their 
ingredients. Then, they thoroughly mix the mate- 
rials to assure uniform distribution of all the 
elements. Bakers obtain the necessary uniformity 
of distribution by using a dough mixer; Molders 
obtain it by ''mulling'' the sand in a sand muller. 
Therefore, your first necessity is to learn to 
use the sand mixing equipment. 


THE MULLING MACHINE 


The term MULLING is used to describe the 
circular skidding motion by which all ingredients 
added to a batch of sand are thoroughly inter- 
mixed. To prepare the sand properly, a number 
of sand mulling machines are available in dif- 
ferent designs, but all operate on the same basic 
principle; that is, applying pressure and motion 
over a given area to force the added bonding 
agents to smear over the sand grains. 


The sand muller illustrated in figure 4-1 
is the type of equipment that you will find in 
almost every Navy foundry. A few years ago, 
all repair ships and tenders getting new sand 
mixing equipment were supplied with Simpson 
Porto, 300-pound capacity mullers (the type 
shown). In a few Navy foundries, small laboratory- 
type mullers of 50-pound capacity have been 
left installed, because this lower capacity equip- 
ment is sufficient to meet the production needs 
at those foundries. It is equally possible, with 
the Simpson Porto muller, to prepare a 50-pound 
batch of sand. 

The Simpson muller shown consists ofa metal 
tub or crib and a motor, mounted on a steel 
base. The crib contains the muller wheels and 
plows which are attached to a vertical shaft 
that is geared to the driving motor. In the 
bottom of the crib is a cleanout door, operated 
by control levers on the outside of the crib. 
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102.9X 
Figure 4-1.— Simpson 24-inch, 300-pound batch 
sand muller. 


The weight, diameter, and thickness of muller 
wheels vary in accordance with the size sand 
muller aboard your ship or station. When the 
machine is empty, the wheels should not rest 
upon the wear plate in the bottom of the crib, 
but should be adjusted in accordance with the 
manufacturer's technical manual which usually 
Specifies a minimum clearance of at least 1/2 
inch between the muller wheels and wear plate. 

When the muller is charged with sand and 
the motor started, the furrowing action of the 
plows turns the sand over into the path of the 
heavy muller wheels. The muller wheels following 
a rotating circular path, roll over the sand, 
applying pressure and kneading the sand. This 
action causes each grain of sand to be thoroughly 
covered with the ingredients that have been 
added to the sand. 

The plows also help to unload the machine 
after the batch is processed by pushing the 
mulled sand to the discharge door. This door, 
located in the bottom of the crib, is opened 
by operating the clean-out door control levers. 
When more than one batch of sand is mixed, 
the action of the plows is sufficient to clean 
out the muller between batches. When the muller 
is secured for the day, however, the crib should 
be given a thorough cleaning. 


Operation 


Depressing the start button on a conveniently 
located start-stop control switch sets the muller 
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in operation. Then, the procedure is as follows: 
(1) put sand in the machine, (2) add the dry 
ingredients if required, (3) run the mixer dry 
for a short period of time (normally about one 
minute), (4) add the liquids, and (5) continue to 
mix the sand for the required period of time. 


In general, after dry mixing with the Simpson 
sand muller, the mixing time for core and facing 
sands is about five minutes. For backing sand, 
the mixing time is about three minutes. 


The following safety precautions apply when 
operating any type sand muller: | 


1. Inspect the inside of a sand muller for 
foreign objects prior to use. | 


2. Never insert hands inside a sand muller 
for any reason while machine is in motion. 


3. Never operate a sand muller unless author- 
ized to do so. 


4, Follow the operating and safety precautions 
posted near the equipment. 


Maintenance 


As with all machinery, maintenance is an 
important factor in keeping the equipment in 
good working order. 


As you know, sand is an abrasive material 
and will cause undue wear if permitted to enter 
and remain in the bearings of moving parts. 
Since the muller wheels and vertical shaft always 
move in the presence of sand, some particles 
will work their way into the bearings. To prevent 
an accumulation of sand in these vital areas, 
and to remove any grains that may have entered, 
DAILY lubrication is necessary when the sand 
muller is in use. The manufacturer’s technical 
manual will give the location of the grease 
fittings. 


When it becomes necessary to change the oil 
in the gear housing of a sand muller, you should 
follow the procedures and safety precautions given 
on the applicable Maintenance Requirement Card, 
OPNAV Form 4700-1. (Greater detail on this 


card is given in Military Requirements for Petty 
ficer 3 & 2, NavPers 10056-C). 


Officer 3 & 2, 

The plows are designed so that the sand is 
furrowed and delivered to the muller wheels. 
Therefore, it is of great importance that the 
plows remain in close adjustment between the 
bottom of the plow and wear plate. The plows 
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Should be adjusted every eight hours of opera- 
tion. The adjustments can be accomplished by 
following the instructions described in the manu- 


facturer's technical manual for your equipment. . 


Normally, the clearance between the plows and 
wear plate should be about the thickness ofa post 
card or some other material that is about the 
same thickness. 


THE MECHANICAL RIDDLE 


Another device common to Molders is the 
mechanical riddle, sometimes referred to as a 
gyratory riddle, shown in figure 4-2. A me- 
chanical riddle may be driven by either an 
electric motor or an air motor. In either case, 
the unit consists of a frame for a standard riddle 
and a drive motor which causes the riddle to 
gyrate. The unit is portable and it can be sus- 
pended from the overhead using wire cable and 
shackles, 

It is common practice for Navy Molders to 
condition natural bonded sands using the mechani- 
cal riddle. It is also used to prepare large 
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Figure 4-2.— Mechanical riddle. 
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amounts of core sand when a sand muller is not 
available. Before the natural bonded sand is 
mechanically riddled, it is spread out in a long, 
low heap on the foundry deck. A sprinkling can 
is used to add water (tempering agent) and to 
avoid forming pools. After the water is added, 
work the heaped sand back and forth with a shovel. 
Additional water may be added as required. When 
the water content of the heaped sand has reached 
approximately 6-1/2 percent, pass the sand 
through the mechanical riddle. After the sand 
has been riddled, pile it into a heap, and cover 
with damp burlap to prevent surface drying. 
Allow the heaped sand to stand for severalhours; 
preferably overnight. 

sand that has been used to produce molds 
is wet down again after the mold has been 
"shook out." New sand or binders are added 
in due proportions to bring the used sand up 
to specifications. The sand is heaped in a pile, 
wet down, and allowed to steam itself into 
condition. When the sand has cooled, it is riddled 
through the mechanical riddle to remove any 
foreign matter (riddlings) such as gates, metal 
scrap, pieces of broken cores, or foundry nails 
which may have been left in the used sand. 

Since the type of mechanical riddle may 
vary from one activity to another, follow the 
operating and safety precautions for that equip- 
ment. 


MOISTURE TESTER 


Whether foundry sands are prepared by hand 
or by machine, an important factor is the sand's 
moisture content. Expert Navy Molders can 
determine the sand’s approximate moisture suit- 
ability for molding, by squeezing a handful of 
sand and then observing its characteristics. 
However, experience has shown that better cast- 
ings can be produced when the moisture content 
of molding sand is more accurately determined 
and controlled. Such control is assured only 
when instruments designed to determine moisture 
content are substituted for the "''by-guess'' 
method. 


A number of testing devices are available, 
but the one most frequently employed in Navy 
foundries is the SPEEDY MOISTURE TESTER 
illustrated in figure 4-3. The operating principle 
is similar to that of a carbide lamp, in that 
it depends upon gas generation. A mixture of 
moisture and calcium carbide generates acetylene 
gas; if this gas is liberated in a sealed chamber, 
internal pressure is developed. | 
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The testing outfit consists of a stowage case 
holding a supply of calcium carbide, a stem- 
handled cup for measuring the calcium carbide, 
a small balance for weighing the sand sample 
to be tested, and a shaker or container in which 
the test is actually made. (See part A of fig. 
4-3.) The shaker has four distinct parts: shaker 
body, cap, stirrup fitted with a setscrew (see 
part B of fig. 4-3), and the moisture-percent 
indicator dial (see part C of fig. 4-3). 

As the shaker is agitated, the calcium car- 
bide becomes mixed with the moist sand, and 
the resulting gas builds up a pressure in the 
container. The greater the moisture content of 
the sand sample, the greater will be the amount 
of acetylene gas generated, and the greater will 
be the pressure. This pressure is what causes 
the pointer to move along the dial, but the gage 
is calibrated so that you read not pressure but 
the corresponding percentage of moisture. 


In using this device to conduct a moisture 
test, you should proceed as follows: 


1. Remove all the items except the balance 
from the stowage case. 


2, Rig the balance in an upright position. 


3. Loosen the setscrew on the shaker stirrup, 
and remove the cap. (See part D of fig. 4-3.) 


4. Weigh out a 6-gram sample of sand, and 
place it in the cap. (If the material being tested 
is bulky, you may want to place the sample 
in the body of the shaker, and reserve the cap 
for the reagent.) 


о. Use the measuring cup to measure out a 
level cupfull of calcium carbide from the reagent 
container, and place this amount in the body 
of the shaker. 


6. With the shaker held in a horizontal posi- 
tion, replace the cap, adjust the stirrup, and 
tighten the setscrew. 


7. Hold the shaker in a vertical position, 
with the stirrup downward, and shake vigorously 
until the dial needle begins to move. (See part 
E of fig. 4-3.) 


8. Return the shaker to a horizontal posi- 
tion, and as soon as the needle stops moving 
read the moisture percentage from the dial. 
(See part F of fig. 4-3.) 


When you have completed a test, loosen the 
stirrup setscrew of the shaker just enough so 
that the gas can slowly escape. After this, 
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Figure 4-3.— Speedy moisture tester. 


remove the cap, clean the interior of the cap 
and shaker with a clean cloth, and replace the 
cap and its rubber washer. You should then 
return the shaker to the stowage case. 

You will find that this tester requires no 
maintenance other than general cleaning, and a 
frequent check on the accuracy of the balance. 
However, you mustexercise caution when handling 
the calcium carbide. The residue which remains 
after the test must be disposed of carefully 
when the shaker body is emptied. 


MOLD EQUIPMENT 


A mold, as applied to foundry practice, is 
the body of sand containing the impression 
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(cavity) of a pattern in which molten metal is 
poured to produce a casting. Some type of support 
has to be provided to keep the molding sand 
from spreading when it is rammed over the 
pattern and to keep it from crumbling when the 
molten metal subjects it to pressure from within. 

The supports that are provided during the 
ramming process are the flasks (boxlike con- 
tainers), and the molding and bottom boards. 
After the mold has been rammed, the flask 
(or, if this is removed, a mold jacket) keeps 
the mold from being deformed under the pres- 
sure of the molten metal. 


FLASK 


A complete flask consists of sections made 
So that they may be accurately fitted together. 
All molds require at least two flask sections 
So that the mold can be opened to remove the 
pattern. (See fig. 4-4.) The upper portion of a 
mold involving two flask sections is called the 
COPE; the lower portion is the DRAG. In multi- 
part molds, the section or sections between the 
cope and the drag is known as the CHEEK. 


The flask sections used for most jobs in: 


Navy foundries are made from a single piece 
of rolled-rib channel steel formed to the desired 
Shape. The joints, as well as the fittings, are 
secured by a welding process. Lugs for flask 
pins are usually secured to the flask on the 
lengthwise centerline. On small flasks, a flat 
lifting handle is welded midway between the lugs 
on each end of the flask section. 

Because of the intended services for your 
class foundry «nd limited shipboard stowage 
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Figure 4-4. — Molding flasks. 
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facilities, only those flask sizes considered 
essential are available. Nevertheless, the number 
and sizes of flasks provided are sufficient to 
meet normal needs. However, from time to 
time, a flask larger than standard flasks may 
be necessary. (Standard flasks are those carried 
on your ship’s equipment allowance list.) In 
that event, a wooden flask constructed by the 
Patternmaker must be used. 

Normally, the flask sections used by Navy 
Molders are either 6 or 8 inches deep. In length 
and width, however, the variation is greater. 
Small, one-man flasks are provided in two 
sizes: 14 inches square and 16 by 12 inches 
rectangular. Medium-sized flasks, fitted with 
two-man handles are supplied in three sizes: 


18 inches square, 20 by 14 inches rectangular, 


and 22 by 16 inches rectangular. Large, two- 
man flasks—24 inches square and 30 inches 
square —are also furnished to some foundries. 
The cross-sectional wall thickness of small and 
medium flasks is 1/8 inch; the metal thickness 
of large flasks is 3/16 inch. 

There are many flask designs available, but 
the standard flask section used by the Navy is 
interchangeable. By that, we mean that individual 
flask sections can be used as either a cope, 
drag, or cheek. With an interchangeable flask, 
the sections may be bolted together or removable 
portable pins may be used to keep the sections 
aligned. 

You may come across some flask sections, 
however, that are intended for use only as the 
drag section. In using these sections, you will 
have ‘o make sure, before you begin ramming 
up, that the pins point downward when the section 
is placed on the mold board. Unless you take 
this precaution, you will not be able to attach 
the cope section after the drag has been re- 
versed. 

The flasks shown in figure 4-4 are typical of 
those available in Navy foundries. The flask in 
view A is the standard two-man, double-lug, 
interchangeable flask. This type is used almost 
exclusively by Navy Molders. A one-man, single- 
lug flask is shown in view B; a circular flask 
in view C; and a wooden snap flask in view D. 
The steel flasks shown in views A, B, and C 
are much alike in appearance and use; snap 
flasks (view D) are a bit different and warrant 
additional treatment. 

A SNAP FLASK is a wooden box-like frame 
equipped with hinges and a locking device so 
that the flask may be removed from the mold 
when it is finished. They are used extensively 
in production foundries because they eliminate 
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the need for a large number of small, standard 
flasks. By using a snap flask, a Molder can 
ram-up a large number of molds with one flask. 
Insofar as ramming a mold by hand is con- 
cerned, there is no difference between a snap 
and a regular flask. However, snap flasks are 
always made in sets. That is, the cope and drag 
are not interchangeable, and the cope depth is 
usually greater than that of the drag. 

Molding with a snap flask and a regular flask 
differ primarily in that: (1) with the standard 
flask, the completed mold remains in the flask 
while the casting is poured; and (2) with a snap 
flask, after the mold is rammed, the flask's 
locking device is released, the flask is opened 
sidewise, and the entire flask is then removed 
from the mold. 

There are other types of snap flasks available 
commercialy and are used in various Navy 
foundries. One such type is made from an 
aluminum alloy, and its design is different. 
Regardless of how these snapflasks are designed, 
the one principle remains the same. That is, 
all snap flasks are removed from the mold after 
it is rammed, even though the method of re- 
moval may differ. 


MOLD JACKETS 


After a mold has been rammed, the snap 
flask is removed from the mold. In its place, 
a mold jacket, made of wood or lightweight metal, 
is slipped over the mold to reinforce it against 
the pressure that will be developed as the 
casting is poured. This jacket is similar to the 
snap flask, but is made in one piece, rather 
than in sections, With a single snap flask, and 
several jackets, it is possible to ram up a 
number of molds. 


CLAMPS AND WEIGHTS 


Although clamps are not part of the molding 
flasks illustrated in parts A, B, and C of figure 
4-4, they are a necessary device for holding 
together the mold parts while the casting is 
being poured. When a casting is poured in a snap 
flask, weights instead of clamps are used for 
holding the sections together. 

Unless weights, clamps, or similar locking 
devices are employed, the mold parts are very 
likely to separate at the parting line when the 
molten metal is poured into the mold cavity. 
The reason for this, of course, is the hydrostatic 
pressure of the molten metal. The denser the 
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Figure 4-5.— Clamps for locking the mold sec- 
tions together. 


metal, the greater the lifting force developed. 
For example, lead poured into a mold exerts a 
greater lifting force than would steel poured into 
a similar mold. 

The clamps that you will employ in molding 
processes will be one of the two types illustrated 
in figure 4-5: The clamp shown in part A is 
of the fixed type; the type shown in part B is 
adjustable. 

Clamps of the fixed (nonadjustable) type can 
be fashioned in the shop, to the size and shape 
required. After the clamp is put on the mold, 
drive a wooden wedge between the clamp and the 
edge of the flask (as shown in part A of fig. 
4-5), to lock the mold parts tightly together. 

The adjustable clamp shown in part B of 
figure 4-5 does not require the use of wedges. 
A movable upper jaw on the clamp makes it 
possible to adjust for any size opening that 
falls within the size range of the clamp. When 
used, the lever on the movable jaw is depressed, 
locking the clamp in position; as it locks, the 
movable jaw exerts a slight pressure which 
squeezes the mold together. The number of 
clamps required on a given job will depend upon 
the size of the mold and the hydrostatic pressure 
of the molten metal. 

When a mold is of such a size or shape that 
it would be impractical to clamp, weights may 
be used. Weights of scrap cast iron are made 
to suit the foundry's needs. They are made from 
1] inch to 2 inches thick, and large enough to 
cover the entire top surface of the cope of the 
mold. Usually they are made to fit a particular 
size snap flask and have slotted holes through 
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the center to permit center pouring. Hand open- 
ings should be provided at each end to facilitate 
handling of the weights. 


LIFTING DEVICES 


Chain falls, or some similar device for 
lifting weighty objects, are indispensable equip- 
ment in a foundry. The task of moving a crucible 
containing molten metal from furnace to mold 
is one that cannot be done without the use ofa 
crane or other lifting device. The job of closing 
a large mold can be done by employing a chain 
fall as indicated in figure 4-6. There is no 
good purpose served in expending a lot of muscu- 
lar effort in performing a difficult task, when 
the use of a crane or hoist would make the 
Work relatively easy. 

In some foundries, it is the practice to seat 
a wire rope in the socket of a hoist by sealing 
it in with molten metal. This method should 
never be used in place of a safe mechanical 
holding device. The heat of the molten metal 
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Figure 4-6, А chain fall used to close a mold. 


in a ladle could be sufficient to melt the metal 
in the socket, and cause the ladle to drop. 
This would be a severe hazard to all the men 
working the the foundry. 


You should not only avoid using molten metal 
in the socket of a hoist, but you should also 
inspect any hoist that you are going to use, to 
see if the hoist cable or chain is secured by 
solidified metal. If it is, report the condition 
immediately to your leading petty officer. 


CORE OVEN 


Before explaining the principles of operation 
of a core oven, let us name the various uses of 
a core oven. First, as the name implies, cores 
(oil bonded) are baked in ovens. Core ovens are 
also used to bake dry sand molds, if the ovens 
are large enough and this method is practicable. 
Before placing new crucibles in service, core 
ovens are used to slowly dry out any moisture 
that may be present. Prior to preheating with 
an oil burner, ladles that have been relined or 
patched are sometimes baked in ovens to drive 
the moisture from the refractory material. 
Finally, bearing jigs are sometimes preheated 
in core ovens first and then the final preheating 
is accomplished with an oil burner or a welding 
torch. 

In Navy foundries, the core ovens are elec- 
trically heated, shelf-type ovens, with vertically 
hung doors. They are provided with double walls, 
and the space between the walls is filled with 
high-grade thermal insulating material. This 
insulation serves to keep heat loss toa minimum. 


These ovens are fitted with brackets arranged 
on 6-inch centers, so that the perforated shelves 
can be adjusted to accommodate various sizes 
of cores. Maximum shelf load will depend upon 
the size of the oven; in general, a shelf should 
be capable of supporting a load of 1/2 psi. 

Heat is provided by means of electric re- 
sistance units, and a system of ducts and blowers 
makes it possible to recirculate the heating 
chamber’s hot air. Fresh air can be taken into 
the air-mixing chamber of this recirculating 
system by opening and closing dampers. 

Adjusting the temperature-control devices 
located on a control panel makes it possible 
to set and maintain oven temperature anywhere 
between 200°F and 650°F. Actual temperature 
ot the oven is indicated on a dial-type indicator 
calibrated in degrees Fahrenheit. A record of 
temperatures over a period of time can be 
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recorded on a strip chart (marked in °F), by 
means of a pen connected to the indicator. 

The heater-unit power circuit must be opened 
if it becomes necessary to open the core oven 
door while cores are being baked. The newer 
core ovens are equipped with devices for doing 
this automatically. A cutoff switch opens the 
power circuit whenever the door is opened; 
and an explosion relief hatch automatically re- 
leases (permitting the door to open) whenever 
gas pressure in the oven exceeds a predeter- 
mined psi value. 

Since equipment differs somewhat from one 
shop to another, you should make a practice 
of studying the details of available equipment 
from the technical manuals furnished by the 
manufacturer. If possible, get an experienced 
man in the foundry to instruct you on the correct 
and safe operational procedures. 


CRUCIBLES 


Crucibles are used in various types furnaces 
for the purpose of melting metals; they are 
also used as pouring equipment. 


A crucible is a preshaped pot-like container 
made of refractory materials that have melting 
points sufficiently high to withstand the tempera- 
ture of molten metals. The crucibles used in the 
Navy are made of graphite bonded with clay, 
silicon carbide bonded with a suitable material, 
or magnesia bonded with a suitable material. 
Crucible materials and the metals that can be 
melted and poured with a crucible are described 
in the next chapter. 


Crucibles are used to melt metals in the 
oil-fired tilting furnaces, the oil-fired pit and 
stationary furnaces, the lift-coil induction fur- 
naces, and sometimes the tilting-induction fur- 
пасеѕ. Normally, the only time crucibles are 
used as pouring equipment is in connection with 
lift-coil induction type furnaces, stationary oil- 
fired furnaces, and pit furnaces. For example, 
these furnaces are designed so that the crucibles 
can be removed after the metals have melted. 
In this instance, those crucibles used for melting 
the metals are also used to pour the metals. 

Crucibles are molded into standard shapes 
as shown in figure 4-7. Parts A and B of figure 
4-7 show the long-lip crucible and the detachable 
long-lip crucible which are used in the tilting 
type oil-fired furnace. Part C of figure 4-7 
Shows a short-lip crucible which may be used 
for hand-shank pouring, and may also be used 
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Figure 4-7.— Crucibles. 


in a lift-coil induction furnace, a stationary oil- 
fired furnace, or a pit furnace, Part D of figure 
4-7 shows a bottom-pouring (teapot) crucible 
which may be used for hand-shank pouring of 
small cast iron and nonferrous castings. All 
three types of crucibles are available in a large 
range of sizes. As an ML3 or an ML2, you may 
be required to use each type of crucible illus- 
trated. 

Crucibles are available in sizes ranging from 
10 to 430, as illustrated intable 4-1. The crucible 
sizes with which you may be concerned are the 
No. 10, No. 70, No. 150, No. 200, and No. 275. 

The manufacturers of crucibles are required 
to identify their products by name and trade mark. 
That is, a mold mark, stencil, or permanently 
attached label. They further must identify the 
type and size of the crucible. These markings 
are shown on the crucible with a stencil mark 
or a permanently attached label. 


CALCULATING CRUCIBLE 
CAPACITY 


The numerical designation of the molded 
crucible, in addition to indicating the size, may 
be used as an approximation of the crucible’s 
capacity in pounds of aluminum. The capacity 
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Table 4-1.— Crucible Size, Capacity, and Dimensions 


Approximate 
capacity 
in pounds 
waterl/ 


Height 


Inches Inches 
6-9/16 
8-3/8 
9-3/4 

10-11/16 

11-11/16 

12-3/16 | 

12-11/16 


4-13/16 
6-1/8 
7-1/8 
7-13/16 
8-9/16 
8-15/16 
9-1/4 


16-11/16 
17 -3/8 
18-3/8 
20 

22 
22-1/2 
24-5/16 
25-1/2 


as stated by the manufacturer refers to the amount 
of water (in pounds) that the crucible will hold. 
A comparison of the different sizes of crucibles— 
numerical designations, dimensions, and capaci- 
ties —can be made by referring to table 4-1. 

Capacity of any crucible in terms ofa specific 
metal can be determined by means of a formula 
involving the specific gravity of the metal, or 


by a formula involving the density of the metal. 


Specific gravity is the ratio of the weight ofa 
given volume of the metal to the weight of an 
equal volume of water. Density of a metal is 
its weight per unit volume, and may be expressed 
as pounds per cubic inch, or pounds per cubic 
feet. 

The use of formulas that include specific 
gravity or density (weight) is not as difficult 
as you may believe. There are any number of 
sources available for practically all metals and 
alloys from which you may get this informa- 
tion. Table 4-2 gives the specification numbers 
for various alloys that are commonly used in 
Navy foundries.. Not only is the specification 
number sighted, but also the specific gravity 
and density are readily available for determining 
the capacity of a crucible. 

The capacity of a crucible for a particular 
metal is determined, as mentioned previously, 
by either of two methods —the specific gravity 


13-1/2 
14-1/16 
14-7/8 


9-7/8 
10-5/16 
10-7/8 


16-1/4 
17-13/16 
18-1/4 
19-11/16 
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formula or the density formula. With the first 
method, the water capacity is multiplied by the 
specific gravity of the metal to be melted. The 
formula for determining the capacity of a crucible 
is: 


С = WS 


C in this formula represents the crucible capacity, 
in pounds, for the particular metal under con- 
sideration; W is the water capacity, in pounds, 
of the crucible; S is the specific gravity of the 
metal. 

For example, suppose you wish to find the 
capacity of a number 70 crucible in terms of 
gun metal bronze. Refer to table 4-1 for the 
capacity in pounds of water that a number 70 
crucible will hold. You will find that a number 
70 crucible will hold 32 pounds of water. Then, 
substitute 32 for W in the formula. Next, find 
the specific gravity of gun metal bronze listed 
in table 4-2. Then, substitute the specific gravity, 
which is 8.8, for S in the formula. After sub- 
stituting the two known values in the formula, 
you have: 


С = 32 x 8.8, or 282 (in round numbers) 


Thus, you know that the capacity of a No. 70 
crucible is about 282 pounds of gun metal bronze. 


Specification 
Number 


QQ-T-390 


Mil-A-17129 


Mil-B-19708 


QQ-C -390 


Mil-B-16033 


Mil-B-16261 


Mil-B-16540 


Mil-B-16541 
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Material 


Antifriction 
Metal (Babbitt) 


Aluminum Alloy 


Brass, High 
Strength yellow 
(Nickel Manganese 
Bronze Casting) 


60,000 Manganese 
Bronze 

65,000 Manganese 
Bronze 

90,000 Manganese 
Bronze 

110,000 Manganese 
Bronze 


Bronze Aluminum 


Bronze Bearing 


Bronze Phosphor 


Bronze, Valve 
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Table 4-2, — Specific Gravity and Density of Materials 
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Density 
(Lbs per cu in) 
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Table 4-2.— Specific Gravity and Density of Materials — continued 


Specification 


Number Material 


Mil-B-16358 Bronze, Copper-Lead 


Phosphoreus Castings 
Mil-B-16444 Bronze, Hydraulic 
(ounce metal) 
Castings 
Mil-M-16576 Bronze, Gun Metal 
Casting 
Mil-B-17528 Bronze, Tin, Nickel, 
Copper, Nickel-Zinc 
Mil-C-17112 Alloys (Nickel 
Silver castings) 
Mil-C-20159 Copper-Nickel Alloy 
(70-30 & 90-10) 
ZZ-N-288 Monel 
"H'' Monel 
"S' Monel 


Mil-N-24271 Inconel 


QQ-I-652 Gray Cast iron 


Mil-S-15083 Steel Castings (АП) 


However, its SAFE WORKING CAPACITY will 
normally be from 70 to 90 percent of its total 
capacity. 

In the second method, the density or weight 
per cubic foot of metal is used to determine the 
capacity of a crucible for a specific metal. This 
method of calculating capacity in terms of the 
density of the metal under consideration is 
almost as simple as the one given previously, 
and it has the added advantage of providing 
the answer in terms of the safe working capacity. 
The formula that you should use is: 


W 
C = М — 
168 
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Density 
(Lbs per cu in) 


Specific 
Gravity 


C, as before, represents the crucible capacity, 
in pounds, for the specific metal; N is the 
crucible number; W is weight (in pounds) of 
the metal per cubic foot; and 168 pounds is 
the approximate weight of a cubic foot of aluminum 
(168 is a constant). 

For example, assume again that you have a 
number 70 crucible and the metal is gun metal 
bronze, Substitute 70 for N in the formula. Since 
W is the weight in lbs per cubic foot, refer to 
table 4-2 for the weight per cubic inch for gun 
metal bronze, Then, calculate the weight per cubic 
foot of gun metal bronze by multiplying .32 
(weight per cubic inch) ру 1728 (12'' x 12" x 12" 
= 1728''), or approximately 553 pounds per cubic 
foot of gun metal bronze. Now, substitute 553 
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for W in the formula and solve the equation as 
follows: 


553 
C = 70 x — 
168 
38710 
С = — 
168 
С = 230.5 


Thus, you arrive at an answer of 230.5 pounds 
as the safe working capacity of a number 70 
crucible in terms of gun metal bronze. This 
figure is approximately 85 percent of the total 
capacity as determined by the first formula. 


HANDLING CRUCIBLES 


If any piece of foundry equipment may be 
said to be fragile, a crucible falls in that cate- 
gory. Although a crucible is not as delicate as 
an egg shell, careful handling is necessary. All 
foundry personnel should be fully instructed on 
how to handle a crucible in order to prevent 
accidents, Extra crucibles, that have been used 
before, should be kept on hand as standbys in 
case they are needed on short notice. New cruci- 
bles should be bought in excess of actual re- 
quirements and stored in a warm, dry place 
to allow them to ''season.'" Marking the date 
on new crucibles when received will assist in 
selecting the more seasoned ones first. When 
new crucibles are received from the supply 
department, they should be examined for flaws 
and cracks, not only visually but also by tapping 
with a light hammer. If crucibles are found to 
be defective, return them to the supply depart- 
ment. Also, crucibles should be inspected prior 
to each use for defects. When the wall thickness 
of a crucible becomes less than 5/8 inch, it 
must be discarded. 


If new or old crucibles have become wet,' 
store them in a place where they will dry out 
thoroughly for a period of about 4 or 5 weeks. 
For this purpose, the inside of a core oven is 
not suitable because moisture from wet core 
sands may be absorbed by the crucible. However, 
crucibles can be stowed on the tops of core 
ovens, Since this area is normally warm and 
dry. 

Crucibles should not be placed on a layer 
of damp sand or a cold floor and left for any 


length of time; they will absorb moisture if the 
temperature falls materially below 250°F. 


HEATING CRUCIBLES 


Al new crucibles, except those made of 
silicon carbide, must be annealed. To anneal 
a new crucible properly, it should be slowly 
heated to somewhat above 250°F and allowed to 
soak at this temperature long enough to remove 
all moisture. Consideration should be giventothe 
size of the crucible, since large ones take a 
longer soaking period to reduce the moisture. 
For example, in drying out a No. 200 crucible, 
10 hours or more should be allowed for bringing 
it up to about 300?F. Then, the crucible is 
"Soaked'' at this temperature for an additional 
10 hours. The core oven may be used for 
annealing, provided the oven is not being used 
to bake cores at the same time, or a portable 
oil burner may be used to anneal the crucible. 
If the dryness of a crucible is doubtful, it must 
next be heated to a dull read heat and allowed 
to cool again, very slowly, to about 300°F 
Remember: slow heating is essential; rapid 
heating may crack the crucible wall. In the 
same vein, if annealing is not done at all, 
cracking is likely to occur during the preheating 
procedure when a high temperature is suddenly 
applied. When properly annealed, the crucible 
is ready for service. 

If the crucible is to be used as pouring 
equipment only, preheat the crucible slowly 
until it turns red. At this time, inspect it for 
cracks; they are most likely to occur when a 
high temperature is applied. If the condition 
of the crucible is satisfactory, it is ready 
to receive the molten metal from the furnace. 

If the crucibles are used in furnaces for 
melting metals, follow the preheating practice 
for the specific furnaces which are discussed 
in the next chapter. 

When the crucible is taken out of service, 
you must clean out all excess metal; leave 
none to solidify. Cool the crucible slowly, and 
stow it, as mentioned previously, in an in- 
verted position in a warm place. 


HANDLING CRUCIBLES WITH TONGS 
AND SHANKS 


Crucibles are made of a refractory material 
that is soft and plastic at red and white heat 
as a result of the high temperatures to which 
they are subjected. Therefore, care must be 
used in handling crucibles with tongs and shanks, 
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Where tilting furnaces are used (crucible is 
stationary and is not removed from furnace), 
50 heats are possible from a single crucible. 
However, if this same crucible is removed 
from the furnace by the use of tongs, the crucible 
life is shortened considerably; usually about 
15 heats are the maximum. Since crucibles 
are soft at red or white heat, they may be 
squeezed out of shape by the excess pressure 
of forcing the handles of the tongs together. 
Tongs are also subjected to high temperatures 
and will distort after a period of usage. In this 
condition, tongs will apply uneven pressure ‘to 
the crucibles. Frequently, this condition, plus 
the weight of the molten charge, will crack or 
deform the crucible, causing a shorter crucible 
life. 

The same condition is true of shanks, and 
these should be made to fit the crucible properly. 
For each crucible size, the correct shank size 
Should be available. Figure 4-8 illustrates how 
a crucible should fit a shank, 

The following safety precautions should be 
observed when handling crucible with tongs and 
shanks: 


1. Tongs must fit perfectly from the widest 
part of the crucible (usually called the bilge 
or belly) down to within a few inches from the 
bottom. It is important to see that tongs fit the 
crucible to prevent spillage of metals. Tongs 
should not extend to the extreme bottom, be- 
cause of the difficulty in placing the crucible 
in the shank. 

2. The proper use of tongs consists of holding 
the crucible below the bilge and lifting it so 
that the least possible pressure is exerted on 
the crucible walls. 

3. One-pronged tongs should be used for 
crucibles up to size No, 40. However, never use 
one-pronged tongs for larger crucibles because 
the pressure is exerted only at the bottom, 
which means a Single point of contact. 


102.110 
Figure 4-8. — Crucible shank fitting. 


45 


4. At least two pairs of tongs shall be pro- 
vided for each size crucible; one pair may 
become badly bent or worn. 

5. Never drive down the ring of the tongs 
by using a skimmer or other tool. This practice 
will crack the crucible. 

6. Never alter two-pronged tongs by cutting 
off the lower prong to accomplish a specific 
job. 

7. A set of cast iron forms must be used to 
restore tongs to their proper shape. To restore 
to their proper shape, put the tongs in the 
furnace, raise them to a red heat, clamp them 
to the proper form, and bring them back into 
shape by means of a heavy hammer. 

8. The bottom surface (outside) of a crucible 
must be free of any foreign material to prevent 
uneven distribution of weight and concentration 
on projecting spots. 


LADLES 


A ladle is the usual equipment used for trans- 
porting and pouring molten metals. Sometimes 
a crucible is employed as a pouring ladle, as 
mentioned previously. For the most part, how- 
ever, the ladles you will use will be steel shells, 
having a cast iron capacity of 60, 100, or 200 
pounds, and lined with refractory material. 

The TYPES of ladles may be described as 
lip-pouring, teapot, and bottom-pouring. This 
last type is usually of large capacity, and is 
used chiefly in industrial plants where large 
volumes of molten metal must be handled, and 
production is an important factor. Figure 4-9 
illustrates the types commonly used in Navy 
foundries. The smaller ladle, which is the lip- 
pouring type, is fitted with a double-ended carry- 
ing shank. The teapot ladle has a bail in addition 
to the carrying shank. This bail makes it possi- 
ble to use an overhead crane for transporting 
large volumes of molten metal, or for trans- 
porting the metal over any but short distances. 


The LINING of a ladle has an important 
bearing upon the casting that is produced. Even 
though the metal is perfectly clean when the 
furnace is tapped, it will produce slag in a 
ladle where the lining is not sufficiently re- 
fractory. If the lining of the ladle has a low 
dry strength, it may crumble above the surface 
of the molten metal, and the bits of crumbled 
rim will be poured into the casting with the 
metal. 


Since the main purposes of the lining are 
to keep the molten metal from chilling and the 
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102.16 
Figure 4-9.— Typical ladles. 


ladle shell from overheating, thickness of lining 
needed depends somewhat upon the metal to be 
handled. A ladle used for pouring steel should 
have a thicker lining than one used for pouring 
cast iron, aluminum, or bronze. However, it 
is standard use in Navy shipboard foundries to 
have a bottom lining of 1 inch thickness, and 
to have the lining of the ladle sides taper from 
1 inch at the bottom to about 3/4 inch at the 
top. For handling steel, the ladle will require 
frequent relining, or at the least, patching of 
the lining after each heat has been poured. 


RELINING AND PATCHING 
LADLES 


Before ramming a lining in the ladle, arrange- 
ments must be made for venting the lining during 
drying. This is done by drilling 3/16-inch or 
1/4-inch holes through the sides and bottom of 
the ladle shell on 3- to 4-inch centers. If this 
is not done, drying will be incomplete. Numerous 
injuries to personnel have resulted from the 
use of improperly dried ladles. When moisture 
is pocketed under molten metal, a large volume 
of water vapor is rapidly formed and the metal 
is blown out of the ladle with explosive force. 
In addition, even slight traces of moisture in 
ladle linings will cause porosity and casting 
unsoundness. The most practical way to deter- 
mine when a ladle is dry is to apply heat until 
steam flows from the vent holes, and then con- 
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tinue to apply heat until the steam flow stops 
completely. 


With a properly vented ladle shell, coat the 
steel shell with a fire clay wash. Next, ram 
the refractory material in the bottom of the 
shell to a thickness of one inch. After the bottom 
of the shell has been lined, rough up the area 
near the side walls so that when the side wall 
is rammed with refractory material, it will 
blend together with the bottom refractory. Now, 
ram the wall in a layer uniformly around the 
circumference of the ladle. Rough up the top 
of each layer of refractory and continue this 
procedure until the lining is complete. The 
lining should be about 1 inch at the bottom 
tapered to 3/4 inch at the top. At the top, taper 
the refractory at each lip of the ladle so that 
when the metal is poured, it will flow out of 
the ladle at the lip. 


Patching of a ladle is best done when the lining 
is cold. All adhering slag and metal must be 
removed in the area to be repaired. If possible, 
undercut the old lining to help hold the patch. 
Brush loose dirt from the old lining, and apply 
a thin coat of fire clay wash to that area. 
Patch holes with the same refractory mix used 
to reline the ladle. 


DRYING OF LADLES 


Drying of a new or patched lining is an opera- 
tion that can cause a lot of trouble if it is not 
done properly. A new or partially patched lining 
Should be heated slowly at first to eliminate 
most of the water without blowing a hole in the 
lining or cracking it because of steam pressure. 
This can best be done by first drying the ladle 
in a core oven and then completing the drying 
with a portable oil torch. The portable oil torch 
should be positioned, with respect to the ladle, 
so as to ensure complete combustion of the oil 
and delivery of maximum heat to the lining. 
If a new lining is heated too fast at the start, 
the moisture will travel back to the shell and 
make that part of the lining weak. After the 
lining or patch is thoroughly dried, the tempera- 
ture can be safely increased. It is desirable to 
maintain a new lining at red heat for several 
hours before using it. In any event, all linings, 
regardless of the fact that they are new, old, 
or repair patched, are preheated to at least 
a red heat to eliminate moisture before tapping 
the furnace metal into the ladle. This preheating 
also reduces heat loss from the molten metal. 
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CALCULATING LADLE 
CAPACITY 


In foundry practice, it is important to know 
the amount of any type metal that a specific 
ladle will hold. As mentioned previously, ladles 
are designated in terms of cast iron capacity. 
Therefore, this should be the amount of cast 
iron a ladle will hold. However, this statement 
can be misleading. That is, the designation of 
100-pound cast-iron capacity for a ladle is 
based upon a Standard lining thickness. Since 
the recommended lining thickness used by Navy 
foundries differs from a standard lining thick- 
ness, the capacity of ladles will also differ. 

There are two methods commonly used to 
determine ladle capacities. The first method 
has previously been discussed under crucibles 
using the specific gravity formula. This formula 
can also be applied to ladles. However, since 
the water capacity in pounds is not given for 
ladles, you will have to determine the amount 
of water a ladle will hold. When you determine 
this, be sure to cover the ladle lining with thin 
plastic to prevent the refractory lining from 
becoming wet. 

The second method involves the volume of 
the inner space of the ladle, expressed in cubic 
inches multiplied by the weight of the specific 
metal in pounds per cubic inch. The result is 
the amount of metal, expressed in pounds, that 
a ladle will hold. | 

Figure 4-10 illustrates a ladle with a 100- 
pound, cast-iron capacity. Usingthe inside dimen- 
sions, let us determine how much gun metal 
bronze this ladle will hold. In working this 
problem, the following formula is used: 


(R,)* + (К,)% хтхһх Wt 


2 
Where C = metal capacity, in pounds 
(Ri)? =the radius of the top dimension 


squared 

(R3)? = the radius of the bottom dimension 
Squared 

Т = 3,14 

h - height of ladle 

Wt = 0.32 per cubic inch gun metal bronze 


Substituting the values indicated in figure 4-10, 
you have: 


шыл + (3.5)? | 
z[———————— x 344 x 8 x 0.32 


2 
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102.111 





Figure 4-10.—A ladle with a 100-pound, cast- 
iron capacity. 
[18.06 + 12.25 | 
С = 1— —— x 3,14 x 8 x 0.32 
2 
won | 
С = х 3.14 x 8 x 0.32 
2 . 
C = [15.15 x 3.14 x 8 x 0.32] 
C = 122 


Thus, the ladle will hold 122 pounds of gun metal 
bronze. However, since a ladle should never be 
filled to more than 3/4 of its capacity, the safe 
working capacity is 92 pounds in round numbers 
(122 x .75 = 92), 

Just before the furnace is ready to be tapped, 
preheat the ladle to a red heat, with either a 
Hauck burner or a gasoline blow torch. Then 
fill the ladle to about three-quarters of its 
capacity. In this way, there will be no danger 
of the molten metal being inadvertently spilled, 
since the ladle must be tipped to a 60° angle 


-= before the metal will flow over the lip. 


PORTABLE HEATING EQUIPMENT 


The portable heating equipment used in Navy 
foundries includes the oil torch (Hauck burner) 
and oxyacetylene equipment. In day to day opera- 
tion of a foundry, portable heating equipment 
may be used in numerous foundry practices; 
the discussion in this section, however, is limited 
to the more common uses. 

As molten metal cools rapidly in the transfer 
stage from the furnace to the mold, it is im- 
portant to preheat the ladle or the molded 
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pouring crucible and to get the molten metal 
into the mold as speedily and promptly as possi- 
ble with safety. New, relined, or patched ladles 
must be thoroughly dried and preheated. Skim- 
mers, when used to skim ladles or crucibles, 
must be preheated prior to their use. Babbitt 
must be melted out of old bearing shells and 
tinned. Bearing shells and mandrels must be 
preheated before babbitt is poured into them. 
To preheat crucibles, ladles, skimmers, man- 
drels, bearing shells, or to melt babbitt, an 
oil torch may be used. Oxyacetylene equipment 
may also be used in connection with rebabbitting 
of bearings; in addition, this equipment is used 
to skin dry molds. 


HAUCK BURNERS 


Figure 4-11 illustrates a hand portable oil 
torch. Figure 4-12 illustrates a large size oil 
torch with a fuel capacity of 15 gallons of fuel 
oil. These heating units come in a range of sizes 
with fuel capacities from 1 gallon to 20 gallons. 
The larger sizes may be mounted on wheels 
or be unmounted. 

All these burners are equipped with 12 or 
more feet of air and oil hose. The fuel con- 
sumption per hour will vary from 2-1/2 gallons 
to 12 gallons, depending upon the size of the 
nozzle opening and the valve adjustment. 

Since there is no pressure on the fuel tank, 
oil has to be supplied to the nozzle by suction. 
For this, compressed air is used; cutting off 


= 
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Figure 4-11. — Compressed air torch. 
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the supply of compressed air cuts off the torch. 
This is an important feature. If the air supply 
should be accidentally cut off, the oil suction 
would automatically cease, thus eliminating a 
fire hazard from spilled oil or kerosene. 


The Hauck burner produces a flame of about 
2100° F. The use of a larger burner ensures that 
a greater area will be covered, but does not 
result in a greater degree of heat being applied 
to a given area. Within the range of flame length 
for a specific size of burner, variation from a 
short intense flame to a long soaking flame 
may be produced by adjusting the oil and air 
valves. The Hauck burner lights instantly without 
preheating and will burn steadily without pulsa- 
tion. Fuel oil suction is sufficient to permit 
operation of the torch at least 14 feet above 
the oil level in the tank. 


When a Hauck burner is used for preheating 
ladles or molded crucibles, the burner may be 
adjusted to produce a powerful and smokeless 
heat with a maximum flame temperature of 
2100* F. 


OXYACETYLENE EQUIPMENT 


Oxyacetylene welding equipment consists of 
a cylinder of acetylene, a cylinder of oxygen, 
two regulators, two lengths of hose with fittings, 
a welding torch with tips, and either a cutting 
attachment or a separate cutting torch. Acces- 
sories include a spark lighter to light the torch; 
an apparatus wrench to fit the various connec- 
tions on regulators, cylinders, and torches; 
goggles with filter lenses, for eye protection; 
and gloves for protection of the hands. The major 
components of a typical portable oxyacetylene 
outfit are shown in figure 4-13. 


Acetylene 


Acetylene (chemical formula, С.Н) is a 
fuel gas made up of carbon and hydrogen, When 
burned with oxygen, acetylene produces a very 
hot flame having a temperature between 5700° F 
and 6300°F. Acetylene gas is colorless, but has 
a distinct, easily recognized odor. 

Some shore repair activities and certain 
large repair ships have facilities for generating 
acetylene. As a rule, however, the acetylene 
used on board ship is taken from compressed 
gas cylinders. The acetylene is dissolved in 
liquid acetone. The cylinder is filled with balsa 
wood, charcoal, finely shredded asbestos, corn 
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pith, portland cement, or infusorial earth (an 
absorbent material composed of decayed organic 
matter). These porous filler materials are used 
to decrease the size of the open spaces in the 
cylinder and thus reduce the danger of explosion. 
At certain pressures, pure acetylene can be 
exploded by nothing more than a slight shock; 
dissolved in acetone, however, and stored in 
cylinders that are filled with porous material, 
acetylene can be compressed into cylinders at 
pressures up to 250 psi. 

Acetylene cylinders are YELLOW in color, 
and the name ''acetylene'' is stenciled in black 
lengthwise near the center of the bottle. As 
a further identification measure, two decalcom- 
nias, pronounced de-kal-ko-main-e-ah (decals), 
are applied to the shoulders of all cylinders. 
These decals are placed opposite each other. 
The decals indicate the name of the gas and 
give brief precautions for handling and use. 
Decals are obtainable from general stores for 
each gas used by the Navy. Figure 4-14 illus- 
trates an acetylene bottle decal. 


Oxygen 


Oxygen is a colorless, tasteless, odorless 
gas which is slightly heavier than air. Oxygen 


49 


102.18X 
Figure 4-12. — Compressed air burner. 


will not burn by itself but it will support com- 
bustion when combined with other gases. Ex- 
treme care must be taken to ensure that com- 
pressed oxygen does not become contaminated 
with hydrogen or hydrocarbon gases or liquids, 
unless the oxygen is controlled by such means 
as the mixing chamber of a torch. A highly 
explosive mixture will be formed if uncon- 
trolled compressed oxygen becomes contami- 
nated. 

Oxygen is normally shipped in a gaseous 
State in cylinders. There are two types: (1) 
aviator's breathing oxygen (99.5 percent pure 
oxygen) and (2) technical or industrial oxygen. 
THE NAVY BUYS ONLY AVIATORS! BREATH- 
ING OXYGEN. This not only simplifies the 
supply system, but eliminates the possibility 
of industrial oxygen being charged into aviators’ 
breathing apparatus. Aviator’s oxygen cylinders 
are green in color and have a white band near 
the shoulder of the cylinder. The name ''oxygen 
(aviator's)" is stenciled in white lengthwise 
near the center of the bottle. 

Oxygen cylinders are Supplied in several 
sizes. The size most commonly used aboard 
ship is 9-1/8 inches in diameter, weighs about 
145 pounds, and has a capacity of 200 cubic 
feet. At 70°F, the gas is under a pressure of 
1800 psi. 
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Figure 4-13.— Portable oxyacetylene outfit. 


Regulators 


The gas pressure in a cylinder must be re- 
duced to a suitable working pressure before it 
can be used. This pressure reduction is ac- 
complished by a REGULATOR or reducing 
valve, Regulators which control the flow of 
gas from the cylinder are either of the single- 
stage or the double-stage type. Single-stage 
regulators reduce the pressure of the gas in 
one step; two-stage regulators do the same job 
in two steps or stages. Less adjustment is 
generally necessary when two-stage regulators 
are used. 

Figure 4-15 shows two typical single-stage 
regulators. The regulator mechanism consists 
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Figure 4-14. — Standard decal for acetylene 
cylinders. 
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Figure 4-15.— Single-stage regulator. 


of a nozzle through which the high pressure 
gases pass, a valve seat to close off the nozzle, 
a diaphragm, and balancing springs. These are 
all enclosed in a suitable housing. Pressure 
gages are provided to indicate the pressure in 
the cylinder or pipeline (inlet), as well as the 
working pressure (outlet). The inlet pressure 
gage, used to record cylinder pressures, is a 
high pressure gage; the outlet pressure gage, 
used to record working pressures, is a low 
pressure gage. Acetylene regulators and oxy- 
gen regulators are of the same general type, 
although those designed for acetylene are not 
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made to withstand such high pressures as are 
those designed for use with oxygen cylinders. 

In the oxygen regulator, the oxygen enters 
the regulator through the high pressure inlet 
connection and passes through a glass wool 
filter that removes dust and dirt. Turning the 
adjusting screw in allows the oxygen to pass 
from the high-pressure chamber to the low 
pressure chamber of the regulator, through the 
regulator outlet, and through the hose to the 
torch. Turning the adjusting screw to the right 
INCREASES the work pressure; turning it to 
the left DECREASES the working pressure. The 
high pressure gage is graduated in pounds per 
square inch from 0 to 4000. This permits read- 
ing of the gage to determine cylinder pressure. 
The gages are graduated to read correctly at 
70°F, The working pressure gage is graduated 
in pounds per square inch from O0 to 50, from 
0 to 200, or from 0 to 400, depending upon the 
purpose for which the regulator is designed. 
For example, on regulators designed for heavy 
cutting, the working pressure gage is graduated 
in pounds per square inch from 0 to 400. 

The two-stage regulator is similar in prin- 
ciple to the one-stage regulator, the chief dif- 
ference being that the total pressure drop takes 
place in two steps instead of one. In the high 
pressure stage, the cylinder pressure is re- 
duced to an intermediate pressure. In the low 
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pressure stage, the pressure is reduced from 
the intermediate pressure to a working pres- 
‘sure. A two-stage regulator is shown in figure 
4-16. 


Welding Torches | 


The oxyacetylene welding torch is used to 
mix oxygen and acetylene gas in the proper 
proportions and to control the volume of these 
gases burned at the welding tip. Torches have 
two needle valves, one for adjusting the flow of 
oxygen and the other for adjusting the flow of 
acetylene. In addition, they have a handle (body), 
two tubes (one for oxygen and one for acetylene), 
a mixing head, and a tip. Welding tips are 
made from a copper alloy and are available 
in different sizes to handle a wide range of 
plate thicknesses. 

There are two types of welding torches: 
the low pressure type and the medium pressure 
type. In the low pressure type, the acetylene 
pressure is 1 psi or less. A jet of high pres- 
Sure oxygen is necessary to produce a suction 
effect which draws in the required amount of 
acetylene. This is accomplished by the design 
of the mixer in the torch, which operates on the 
injector principle. The welding tips may or 


may not have separate injectors designed into 
the tip. 
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Figure 4-16.— Two-stage regulator. 
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In the medium pressure torches, the acety- 
lene is burned at pressures from 1 to 15 pounds 
per square inch. These torches are made to 
operate at equal pressures for acetylene and 
oxygen. They are sometimes called equal pres- 
sure or balanced pressure torches. The medium 
pressure torch is easier to adjust then the 
low pressure torch and, because equal pres- 
Sures are used, you are less likely to geta 
flashback. This means that the flame is less 
likely to catch in or back of the mixing chamber. 
A typical equal pressure torch is shown in 
figure 4-17. 

Welding TIPS AND MIXERS made by dif- 
ferent manufacturers differ in design. Some 
makes of torches are provided with an indi- 
vidual mixing head or mixer for each size of 
tip. Other makes have only one mixer for several 
tip sizes. Tips come in various types. Some 
are one-piece, hard copper tips. Others are 
two-piece tips that include an extension tube 
to make connection between the tip and the 
mixing head. When used with an extension tube, 
removable tips are made of hard copper, brass, 
or bronze. Tip sizes are designated by num- 
bers, and each manufacturer has his own ar- 
rangement for classifying them. Tips have dif- 
ferent hole diameters. 


MIXING HEAD NUT 





COPPER TIP 


MIXING HEAD 


TORCH HEAD 





= HANDLE 





No matter what type or size tip you select, 
the tip must be kept clean. Quite often the 
orifice becomes clogged with slag. When this 
happens the flame will not burn properly. In- 
spect the tip before you use it. If the passage 
is obstructed, you can clear it with wire tip 
cleaners of the proper diameter, or with soft 
copper wire. Tips should not be cleaned with 
machinists’ drills or other hard, sharp instru- 
ments. These devices may enlarge or scratch 
the tip opening and greatly reduce the efficiency 
of the torch tip. 


Hose 


Hose used to make connection between the 
torch and the regulators is strong, nonporous, 
and sufficiently flexible and light to make torch 
movements easy. It is made to withstand high 
internal pressures, and the rubber used in its 
manufacture is specially treated to remove sul- 
fur to avoid the danger of spontaneous com- 
bustion. Welding hose is available in various 
sizes, depending upon the size of work for 
which it is intended. Hose used for light work 
is 3/16 or 1/4 inch in diameter, and it has one 
or two plies of fabric. For heavy duty welding 
and cutting operations, hose with an inside 
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Figure 4-17.— Equal pressure welding torch. 
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diameter of 1/4 or 5/16 inch and 3 to 5 plies of 
fabric is used. Single hose comes in lengths of 
12-1/2 feet to 25 feet. Some manufacturers 
make a double hose which conforms to the same 
general specifications. The hoses used for acety- 
lene and oxygen are the same in grade but 
they differ in color. Oxygen hose is GREEN, 
acetylene hose RED. Acetylene hose fittings 
have left hand threads in the connection nuts. 
Oxygen hose fittings have right hand threads 
in the connection nuts. 


Setting Up the Equipment 


The procedure for setting up oxyacetylene 
equipment is as follows: 


1. Secure the cylinders so that they cannot 
be upset. Remove the protecting caps. 

2, Crack the cylinder valves slightly to 
blow out any dirt that may be in the valves. 
Close the valves and wipe the connections with 
a clean cloth. 

3. Connect the acetylene pressure regulator 
to the acetylene cylinder and the oxygen pres- 
sure regulator to the oxygen cylinder. Using 
the wrench provided with the equipment, tighten 
the connecting nuts. 

4. Connect the red hose to the acetylene 
regulator and the green hose to the oxygen 
regulator. Tighten the connecting nuts enough 
to prevent leakage. 

o. Back off on the regulator screws, and 
then open the cylinder valves slowly. Read the 
high pressure gage to check the pressure of 
each cylinder. 

6. Blow out the OXYGEN hose by turning the 
regulator screw in and then back out again. If 
it is necessary to blow out the acetylene hose, 
do it ONLY in a well ventilated place that is 
free from sparks, flames, or other possible 
sources of ignition. 

7. Connect the hoses to the torch. Connect 
the red acetylene hose to the connection gland 
that has the needle valve marked AC or ACET. 
Connect the green oxygen hose to the connec- 
tion gland that has the needle valve marked OX, 
Test all hose connections for leaks by turning 
both regulator screws IN, while the needle 
valves are closed. Then turn the regulator 
Screws OUT and drain the hose by opening the 
needle valves. 

8, Adjust the tip. Screw the tip into the 
mixing head and assemble in the torch body. 
Tighten by hand and adjust to the proper angle. 
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Secure this adjustment by tightening with the 
wrench provided with the torch. 

9. Adjust the working pressures. The acety- 
lene pressure is adjusted by opening the acety- 
lene torch needle valve and turning the regulator 
screw to the right. Adjust the acetylene regulator 
to the required working pressure for the partic- 
ular tip size. 

10. Light and adjust the welding flame. Open 
the acetylene needle valve on the torch and light 
the- acetylene with a spark lighter. Keep your 
hand out of the way. Adjust the acetylene valve 
until the flame just leaves the tip face. Open and 
adjust the oxygen valve until you get the proper 
neutral flame. Notice that the pure acetylene 
flame which just leaves the tip face is drawn 
back to the tip face when the oxygen is turned on. 


Adjusting the Flame 


A pure acetylene flame is long and bushy and 
has a yellowish color, as shown in figure 4-18. 
It is burned by the oxygen in the air, which is 
not sufficient to burn the acetylene completely; 
therefore the flame is smoky, producing a soot 
of fine, unburned carbon. The pure acetylene 
flame is unsuitable for welding. When the oxygen 
valve is opened, the mixed gases burn in contact 
with the tip face. The flame changes to a bluish- 
white color and forms a bright inner cone sur- 
rounded by an outer flame envelope. The inner 
cone develops the high temperature required for 
welding. 

There are three types of flame commonly 
used for welding. These are neutral, reducing 
or carburizing, and oxidizing flames (see fig. 
4-18). The NEUTRAL flame is produced by 
burning one part of oxygen to one part of acety- 
lene. Together with the oxygen in the air, it 
produces complete combustion of the acetylene. 
The luminous white cone is well defined and 
there is no greenish tinge of acetylene at its 
tip, nor is there an excess of oxygen. The welding 
flame should always be adjusted to neutral 
before either the oxidizing or carburizing flame 
mixture is set. A neutral flame is obtained by 
gradually opening the oxygen valve to shorten the 
acetylene flame until a clearly defined inner 
luminous cone is visible. This is the correct 
flame for the many preheating operations in 
foundry practice. For example, bearing jigs 
are preheated using the neutral flame. It is 
also used for preheating a casting prior to the 
cutting operation for the removal of gates and 
risers. The temperature at the tip of the inner 
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Figure 4-18. — Characteristics of oxyacetylene Пате. 


cone is about 5900° Е, while at the extreme end 
of the outer cone it is only about 2300°F. This 
gives you a chance to exercise some tempera- 
ture control by moving the torch closer or 
farther from the work. 

The REDUCING (or CARBURIZING) FLAME 
is produced by burning an excess of acetylene. 
You will be able to recognize it by the feather 


at the tip of the inner cone. At the end of the 
inner cone, this feathery tip has a greenish 
color. The degree of carburization can be judged 
from the length of the feather. You can always 
recognize the carburizing flame by its three 
distinct colors. These are the bluish-white inner 
cone, a white intermediate cone, and the light- 
blue outer flame. The carburizing flame burns 
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with a temperature of about 5700?F at the tip 
of the inner cone. 

The OXIDIZING FLAME is produced by burn- 
ing an excess of oxygen. You can identify this 
flame by the short outer flame and the small 
white, inner cone. It takes about two parts of 
oxygen to one part of acetylene to produce this 
flame, and you will find that the adjustment for 
the oxidizing flame is a bit more difficult to 
make than the adjustment for other flames. To 
adjust for the oxidizing flame, first adjust to a 
neutral flame and then open the oxygen valve 
until the inner cone is about one-tenth of its 
original length. An oxidizing flame makes a 
hissing sound, and the inner cone is somewhat 
pointed and purplish in color at the tip. The 
oxidizing flame has a limited use and is harm- 
ful to many metals. 


Extinguishing the Flame 


To extinguish the oxyacetylene flame and to 
secure equipment after completing a job, or 
when work is to be interrupted temporarily, the 
following steps should be taken: 


1. Close the acetylene needle valve first, 
then close the oxygen needle valve. This extin- 
guishes the flame. 

2, Close both oxygen and acetylene cylinder 
valves. Leave the oxygen and acetylene regula- 
tors open temporarily. 

3. Open the acetylene needle valve on the 
torch and allow gas in the hose to escape for 5 
to 15 seconds. Do not allow gas to escape into 
a small or closed compartment. Close the acety- 
lene needle valve. 

4. Open the oxygen needle valve on the torch. 
Allow gas in the hose to escape for 5 to 15 
seconds, Close the valve. 

5. Close both oxygen and acetylene cylinder 
regulators by backing out the adjusting screws 
until they are loose. 


The foregoing procedure should be followed 
whenever work is interrupted for an indefinite 
period. If work is to stop for only a few min- 
utes, securing cylinder valves and draining the 
hose is not necessary. However, for any in- 
definite work stoppage, the entire extinguishing 
and securing procedure should be followed. 


Safety Precautions 


Whether you are flame cutting or heating 
with oxyacetylene equipment, certain precautions 
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must be observed to protect personnel and the 
Structure from injury by fire or explosion. 


1. OIL AND GREASE: Avoid the use of lub- 
ricants in any form (oil or grease) on oxyacet- 
ylene equipment. Oil or grease in the presence 
of oxygen under pressure will ignite violently. 
Consequently, oxygen must not be permitted to 
come in contact with these materials in any way. 
Do not handle cylinders, valves, regulators, 
hose, or any other apparatus which uses oxygen 
under pressure with oily hands or gloves. Do 
not permit a jet of oxygen to strike an oily 
surface or oily clothes. 

2. LIGHTING TORCHES: Use friction light- 
ers, stationary pilot flames, or some other 
suitable source of ignition. The use of matches 
may cause serious hand burns. Do not light a 
torch from hot metal, especially in a confined 
space. When lighting the torch, open the acety- 
lene valve first and ignite the gas with the 
oxygen valve closed. Do not allow unburned 
acetylene to escape into a small or closed 
compartment. 

3. CYLINDERS: Never use acetylene from 
cylinders without reducing the pressure through 
a suitable pressure reducing regulator. Acety- 
lene working pressures in excess of 15 pounds 
per square inch must be avoided. Oxygen cylinder 
pressure must likewise be reduced to a suitable 
low working pressure; high pressure may burst 
the hose. 


The use of any cylinder must be discontinued 
before the pressure falls to zero. Oxygen cyl- 
inders, particularly, must not be used in heating 
and cutting operations after the pressure falls 
below approximately 25 psi as indicated by the 
bottle gage. 

Before connecting the regulator to the cylinder 
valve, the valve must be opened 1/4 turn and 
closed immediately. This action is generally 
termed "cracking'' and will clear the valve of 
dust or dirt that otherwise might enter the 
regulator. Always stand to one side of the 
outlet when opening the valve. NEVER CRACK 
ACETYLENE OR OXYGEN CYLINDER VALVE 
NEAR FLAMES, SPARKS, OR OTHER POSSI- 
BLE SOURCES OF IGNITION. 

Acetylene gas cylinders must be placed with 
valve end up whenever they are used. If, for 
some reason, an acetylene cylinder must be 
stowed horizontally, it must be placed ina vertical 
position for two hours prior to use. 

Valves of an acetylene cylinder must always 
be opened slowly; 1/4 to 1/2 turn will permit 
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an adequate flow of gas. The acetylene cylinder 
valve must not be opened more than 1-1/2 
turns. 

If a leak develops at a fuse plug or elsewhere 
in a cylinder, it must be removed to the weather 
deck away from any source of ignition, the 
cylinder valve slightly opened, and the fuel gas 
allowed to escape slowly. A warning must be 
placed near the cylinder; the warning should 
inform personnel not to approach the cylinder 
with a lighted cigarette or other source of 
ignition. The cylinder must be plainly tagged 
as defective and in need of repairs before re- 
filling. 

Keep oxygen cylinders and fittings away from 
oil and grease which, in the presence of oxygen 
under pressure, may burst into flames. A jet 
of oxygen must never be permitted to strike 
an oily surface or greasy clothes. Every possi- 
ble precaution must be taken to prevent oily 
and greasy substances from coming in contact 
with oxygen cylinders and cylinder valves. Do 
not handle oxygen cylinders, valves, regulators, 
hose (oil or grease deteriorates rubber), and 
other apparatus or fittings with oily hands, 
gloves, or greasy materials. 

With a regulator attached, open the oxygen 
cylinder valve slightly at first so that the regu- 
lator cylinder pressure gage hand moves up 
slowly; then, open the valve all the way. (This 
action will prevent leakage around the valve 
stem). Be sure the regulator adjusting screw 
is backed out before opening the oxygen cylinder 
valve. 

A hammer or wrench must not be used to 
open cylinder valves. If a valve cannot be opened 
by hand, tag it as defective. 


4. WORK SPACE: Do not weld or cut mate- 
rial without first making certain that hot sparks 
or hot metal will not fall on the legs or feet of 
the operator, on the hose and cylinder, or on 
any flammable materials. | 

5. BACKFIRE AND FLASHBACK: Unless the 
system is thoroughly purged of air and all con- 
nections in the system are tight before the torch 
is ignited, the flame is likely to burn inside the 
torch instead of outside the tip. The difference 
between the two terms backfire and flashback 
is this: in a backfire, there is a momentary 
burning back of the flame into the torch tip; in 
a flashback, the flame burns in or beyond the 
torch mixing chamber. A backfire is char- 
acterized by a loud snap or pop as the flame 
goes out. A flashback is usually accompanied 


time, the flame at the tip becomes smoky and 
sharp pointed, When a flashback occurs, imme- 
diately shut off the torch oxygen valve, then 
close the acetylene valve. The occurrence of a 
flashback indicates that something is radiaclly 
wrong either with the torch or with the manner 
of handling it. A backfire is less serious. Usually 
the flame can be relighted without difficulty. If 
backfiring continues whenever the torch is re- 
lighted, check for these causes: overheated tip, 
gas Working pressures greater than that rec- 
ommended for the tip size being used, loose tip, 
or dirt on the torch tip seat. These same dif- 
ficulties may be the cause of a flashback, except 
that the difficulty is present to a greater degree. 
For example, the torch head may be distorted 
or cracked. | 


In most instances, backfires and flashbacks 
result from carelessness. These difficulties can 
be avoided by making certain that: (1) all con- 
nections in the system are clean and tight; (2) 
torch valves are closed (not open or merely 
loosely closed) when the equipment is stowed; 
(3) the oxygen and acetylene working pressures 
used are those recommended for the torch em- 
ployed; and (4) the system is purged of air 
before the apparatus is used. Purging the system 
of air is especially necessary when hose and 
torch have been newly connected or a new. 
cylinder is incorporated into the system. Purging 
a system is accomplished as follows: Close 
torch valves tightly, then slowly openthecylinder 


valves. Next, open the regulator slightly. Open 


by a hissing or squealing sound. At the same 
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the torch acetylene valve and allow acetylene 
to escape for 5 to 15 seconds, depending on the 
length of the hose. Close the acetylene valve. 
Repeat the procedure on the oxygen side of the 
System. After purging air from the system, 
light the torch as described previously. 

Eye protection is required when using a 
welding torch for heating or cutting operations. 
For heating and cutting operations, spectacle- 
type goggles (side shielded) or eyecup-type gog- 
gles, with a suitable filter lense, should be 
used. The same type eye protection should be 
worn by other personnel who must remain in 
the vicinity and whose eyes should be protected 
from stray flashes, reflected glare, or flying 
particles. | 

The shade numbers in the following list may 
be used for guidance in determining the proper 
shade of lens to use. 


1. Clear lenses in spectacle type (side 
shielded) goggles and filter lenses up to shade 
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No. 4 in any type goggles may be used for stray 
light from nearby cutting and heating operations. 
2. Shade No. 5 filter lenses are usually suf- 
ficient for light gas cutting and heating. 
3. Shade No. 6 filter lenses are usually suf- 
ficient for gas cutting. 


Handling and Stowing 
Gas Cylinders 


You will not use bottled gases as frequently 
as some of the men in other ratings in the 
repair department. On the occasions when you 
do, however, bottled gases must be handled 
and stowed safely. 

It must be constantly remembered that all 
compressed gases are hazardous. Many detailed 
precautions could be set down with regard to 
the handling and stowing of these gases. The 
precautions to be followed vary somewhat for 
stowage cylinders and ready service cylinders. 

The term ''stowage'' as used in the following 
paragraphs refers to articles under the cogniz- 
ance of the supply officer, in general stores, 
to be drawn on for the ship’s own use, or 
articles of cargo being transported. It does not 
refer to cylinders that have been removed from 
stores or from cargo and transferred to the 
shops or other locations for use. 
| The term ''ready service'' refers to cylinders 
or other articles which have been transferred 
from stores and are actually located in a shop 
or near a place where they are to be used. It 
is not necessary that the articles be in actual 
use, but that they be ready for use. 


HANDLING  CYLINDERS, — Cylinders that 
contain flammable and/or explosive gases must 
be handled with extreme care. Every effort 
should be made to avoid dropping cylinders or 
allowing them to strike forcefully against each 
other or any other object. 

When cylinders are being handled, the cylinder 
valve outlet cap and the cylinder valve protecting 
cap must be in place. Unless ready service 


cylinders are secured in special portable racks, ' 


regulators must be removed and caps replaced 
before the cylinders are moved to a new loca- 
tion. Every precaution must be taken to prevent 
bumping or striking the discharge valves. 

When loading or transferring cylinders, es- 
pecially when using a crane or derrick, the 
cylinders must be secured in a cradle, suitable 
platform, rack, or special container. Electro- 
magnets must never be used. A cylinder moved 
by hand should be tilted slightly and rolled on 
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its bottom edge, without dragging or sliding. 
Hooks or lines through the valve protection cap 
must NOT be used for hoisting cylinders. Cylin- 
ders frozen to the deck, or otherwise fixed, 
must NOT be pried loose with crowbars or 
similar tools. The use of warm water (not 
boiling) is recommended. 

When cylinders are transported through doors, 
hatches, and up and down ladders, special care 
must be taken to prevent injury to personnel 
or damage to the cylinders. 

When gas cylinders are transported on a 
handtruck, they must be held securely in posi- 
tion. The handtruck should be fastened to a 
bulkhead or stanchion as soon as the destination 
is reached. 


STOWAGE OF COMPRESSED GASES. —Stow- 
age spaces for cylinders must be away from 
fire hazards, extremely high temperatures (over 
130° F), continuous dampness, and accumulation 
of ice and snow. Adequate ventilation must be 
provided. On ships to which Molders are assigned, 
bottled gases are normally stowed valve end up 
on weather decks, in specially constructed stow- 
age racks. Canvas covers are sometimes pro- 
vided by the supply department to protect the 
cylinders from sun, weather, and salt spray. 
You are responsible for replacing the cover 
when you remove a cylinder from the stowage 
rack, 

Empty oxygen and acetylene cylinders should 
be returned, with valves closed and under some 
positive pressure, to the designated stowage 
area. Some positive pressure is necessary for 
oxygen cylinders to prevent condensation of 
atmospheric moisture within the cylinder, If 
the internal pressure of an oxygen cylinder is 
reduced to less than 15 psi, it should be tagged 
with the explanation ''dry before refilling." 
Positive pressure should be maintained in acety- 
lene cylinders to prevent the loss of acetone 
and/or entry of air, should the cylinders cool 
considerably below the temperature at which 
they were discharged. 

When the contents of cylinders have been 
used, mark the bottle "'empty.'' Always stow 
empty cylinders separately from fully charged 
cylinders. 


READY SERVICE STORAGE RULES, — The 
following rules and precautions apply to the 
ready service storage of cylinders: 


1. Cylinders in actual use, or attached to 
welding or cutting equipment ready for use, are 
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permitted below decks outside of the stowage 
compartment. 

2. The following special precautions are to 
be taken with oxygen and fuel-gas cylinders for 
welding: 

a. The necessary cylinders of gas to equip 
each authorized gas-cutting and gas-welding 
(heating) position may be installed in shops. 
The number of authorized positions will be 
determined from either a NavShips approved 
plan or the machinery specifications for the 
shop concerned. 

b. Cylinders shall be securely fastened 
in a rack which in turn shall be securely fastened 
to the bulkhead at the designated location. 

c. A card showing the following must be 
posted at the designated storage location of each 
unit: UNIT IS NOT SECURE WHILE PRESSURE 
SHOWS ON GAGES, OR WHEN CYLINDERS ARE 
NOT FIRMLY FASTENED TO RACK OR TO 
BULKHEAD, OR WHEN RACK IS NOT FIRMLY 
FASTENED TO BULKHEAD. IF REMOVED FROM 
THIS LOCATION, THIS UNIT IS TO BE CON- 
STANTLY ATTENDED UNTIL RETURNED AND 
SECURED, 


See Naval Ships Technical Manual, chapters 
9230 and 9922 for detailed precautions. 


d. A card showing the following must be 
attached to each unit: RETURN TO (DESIGNA TED 
LOCATION) IMMEDIATELY ON COMPLETION 
OF WORK. UNIT SHALL NOT BE LEFT UN- 
ATTENDED WHILE AWAY FROM ABOVE LOCA- 
TION, UNIT IS NOT SECURE WHILE PRESSURE 
SHOWS ON GAGES, OR CYLINDERS ARE NOT 
FIRMLY FASTENED TO RACK, OR RACK NOT 
FIRMLY FASTENED TO BULKHEAD OR STAN- 
CHION. 


TEMPERATURE-MEASURING 
INSTRUMENTS 


In conjunction with furnaces (see chapter 5), 
the melting, tapping, and pouring operations for 


molten metal require temperature control. All 


Navy foundries use temperature control instru- 
ments known as pyrometers to determine this 
requirement, As you know, ordinary room 
temperature is measured with a thermometer. 
When high temperatures are involved, such as 
the tapping and pouring temperatures of molten 
metals, an instrument known as a pyrometer 
is used. On the basis of what they do, thermom- 
eters and pyrometers are similar; but on the basis 
of how they do it, there is little similarity. 
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The ordinary thermometer utilizes the expan- 
Sion and contraction of mercury in a glass tube 
to determine temperature variations. Because 
high temperatures are involved, mercury ther- 
mometers are not feasible to use for determining 
the temperature of molten metals. 

There are two types of pyrometers: (1) those 
which measure temperature through actual con- 
tact, and (2) those which measure temperature 
from a distance. Several types of pyrometers 
are available in each group. In Navy foundries, 
the immersion type pyrometer (see fig. 4-19) 
is representative of the first group, and the 
optical pyrometer (see fig. 4-20) is representa- 
tive of the second group. 


IMMERSION PYROME TERS 


Described in its simplest form, the immer- 
Sion type pyrometer consists of a thermocouple 
and a temperature indicating instrument to which 
the thermocouple is connected with positive 
and negative leads. Essentially, the thermo- 
couple consists of two dissimilar wires jointed 
together at one end by twisting and welding. 
These wires are insulated from one another 
except at their hot junction and are encased in 
a protective tube. A potentiometer pyrometer 
is used as an indicating instrument to which the 
wires from the thermocouple are attached. The 
pyrometer, although it measures electrical 
energy, is so calibrated that its scale indicates 
the temperature in degrees, Fahrenheit. 

When dissimilar wires are joined together 
at both ends, and when heat is applied to one 
end (the hot junction), an electromotive force 
(voltage) is generated in the circuit. When the 
cold ends of the thermocouple are maintained 
at a constant temperature and are connected to 
a galvanometer (part of the recording instrument) 
sensitive enough to measure in thousandths of a 
volt, the temperature of the hot junction can 
be determined. The voltage indicated by the 
galvanometer is proportional to the difference 
in temperature between the hot and cold ends. 
Although electromotive force (voltage) is actually 
measured, the instrument is calibrated in de- 
grees of temperature instead of electrical units. 
As more heat is applied to the hot junction of 
the thermocouple, a larger amount of voltage 
is generated, which in turn causes a higher 
temperature to be recorded on the indicator 
dial. 

Although the principle of all immersion type 
pyrometers is the same, their design may vary. 
Compare the two pyrometers illustrated in figure 
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102.19X 
Figure 4-19.— Immersion type pyrometers. 
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Figure 4-20.— Portable optical pyrometer. 
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1-19. Part A illustrates a portable immersion 
)yrometer which has the indicating dial on the 
iandle, Part B illustrates the wall-type immer- 
ion pyrometer—the indicating dial may be 
Áermanently attached to the foundry wall, and 
vhen it is in use, the extension leads from the 
hermocouple are attached to the dial. The 
verall length and shape of the immersion type 
)yrometers which you may have in your shop 
nay differ from those illustrated, but they will 
е used in the same manner. 

Immersion type pyrometers are used to meas- 
ге temperatures up to, but not over, 2500? 
"ahrenheit. Because the thermocouple is made 
ff insulated Chromel and Alumel wire, the 
ips of the thermocouple are resistant only to 
he nonferrous metals (brass, bronze, copper, 
ind aluminum). Therefore, immersion type 
)yprometers are used primarily for the non- 
errous metals and alloys and are NOT suitable 
or use with steel, cast iron, and monel. 


The thermocouple of the immersion type 
yyrometer consists of insulated Chromel and 
\lumel wires whose hot junction is swaged into 
. replaceable, rod tip. (See fig. 4-21.) The 
lissimilar thermocouple wires are led through 
. protective tube to the terminal connections 
n the handle. From the terminal, lead wires 
‘un to the galvanometer. To use the pyrometer, 
mmerse the rod tip in the molten metal to 
bout three-fourths of its length for a few 
seconds. Then, read the indicating dial on the 
potentiometer. There are no buttons to push; 
омеуег, be sure that the galvanometer is ad- 
usted to compensate for the room temperature 
f the cold junction before the indicating dial 
s read. Be certain that the tip remains in 
he molten metal for a sufficient length of time 
o attain the correct temperature; that is, until 
he galvanometer fails to show any increase 
n temperature with continued immersion. This 
should not take more than a few seconds. 


These instruments have few moving parts, 
ind most of the maintenance is electrical. If 
here is any failure of the sealed parts, they 
nust be returned to the manufacturer for adjust- 
nent. However, there are certain precautions 
hat you can take in order to make sure that 
rou are getting proper results. The protective 
ubes that cover the thermocouple wires should 
е checked after 200 hours of operation. The 
:Xtension leads from the thermocouple to the 
Àoctentiometer must be connected positive to 
iositive and negative to negative, at the thermo- 
‘ouple and at the potentiometer. The point at 
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Figure 4-21. — Wiring diagram for an immersion 
type pyrometer. 


which the leads are connected to the thermo- 
couple must not be subjected to temperatures 
in excess of 200°F; the cold junction, always 
at room temperature, must not be exposed to 
drafts, to abnormally high temperatures, nor 
to temperatures under 32° Е, 

There are some sources of pyrometer trouble 
that you can locate and correct without having 
to call on the Electrician's Mate for help, or 
sending the parts back to the manufacturer. 


1. Erratic readings on the dial, even though 
the furnace heat remains constant, may be due 
to loose connections or dirt in the sliding con- 
tacts. You can check and tighten the connections 
at the binding posts, and clean the sliding con- 
tacts. | 

2, Readings that are manifestly too low may 
be caused by too high resistance in the lead 
wires, or by a short circuit throughthe resistors. 
You should check for broken strands or poor 
connections, and inspect the lead wire insula- 
tion for dampness. 

3. If your recording instrument fails to re- 
spond to a known variation in thermocouple 
temperature, the trouble may be a short circuit 
in the thermocouple terminal head or in the 
leads, or it may be a broken circuit. You can 
determine if there is a short circuit in the 
terminal head by disconnecting the thermocouple 
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from the recording device, and testing the cir- 
cuit with a battery and bell. You can locate 
a break in the circuit by checking to see if 
there is a loose connection at a binding post, 
or a break in one of the leads. 


OPTICAL PYROME TERS 


For measuring high temperatures where a 
thermocouple would not prove practical, optical 
pyrometers are used. The operating principle of 
these instruments is the matching of the color 
of the molten metal with a standard color scale. 
The color of the molten metal is obtained by 
passing a light ray from the hot body through 
a telescope which is part of the pyrometer 
instrument; it is matched to a filament through 
which an electric current flows. There are two 
types of optical pyrometers, designated as vari- 
able intensity, and constant intensity. 

In the constant intensity type, the current 
passing through the filament is held constant, 
and the light from the molten metal is made 
to match it by use of a prism in the telescope. 
As the prism is turned to vary the intensity of 
the light, the angular degrees through which it 
is turned are measured on the color scale dial. 
The dial is calibrated in temperatures that 
correspond to the degrees of revolution, so that 
the temperature can be read directly. 

In the variable intensity type of pyrometer, 
the brightness of the filament is made to match 
the intensity of the molten metal by increasing 
or decreasing the amount of current flowing 
through the filament. The instrument measures 
current value (as opposed to angular degrees 
of turn), but since the current also is pro- 
portional to the temperature, the scale is cali- 
brated in terms of degrees of temperature. 


A portable pyrometer of the variable in- 
tensity type is illustrated in figure 4-20. The 
unit consists of two main parts: (1) a case 
containing flashlight batteries, and fitted with 
adjusting knobs and a temperature scale; and 
(2) a telescope that is fitted with an eyepiece 
and adjusting rings, and that contains the fila- 
ment and a grip switch (handgrasp) controlling 
the circuit between battery and filament. 

Of the two adjusting rings on the end of the 
telescope opposite the eyepiece, the outer one 
(tube focus) is used to focus the telescope on 
the hot metal, and the knurled inner one (range 
changer) is used to adjust for range of tempera- 
ture. The knurled ring next to the eyepiece is 
for focusing the eyepiece on the filament. 
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In using this instrument for measuring the 
temperature of a hot body, the procedure is 
as follows: 


1. Grasp the telescope body, closing the 
grip switch so that current flows through the 
filament, 

2. Hold the instrument so that the hot body 
is visible through the tube of the telescope. (The 
grip switch must be closed at all times, so do 
not release your grasp.) 

3, Turn the ring next to the eyepiece, until 
the eyepiece is focused on the filament. 

4. Focus the telescope for distance, using 
the tube focus knob on the end of the tube. 

5. Adjust for high or low temperature range, 
using the knurled inner adjusting ring (range 
changer). 

6. With the circuit energized, the filament 
is now glowing. Turn the large filament knob 
on the front of the case until the intensity of 
the filament matches the brightness of the hot 
body. The filament knob should be turned clock- 
wise. AS soon as you have a match of color, 
take the telescope away from your eyes, but do 
not relax your hold on the grip switch. 

7. Depress the small knob (potentiometer 
adjustment) on the front of the case, and adjust 
it so that the pointer on the galvanometer rests 
at zero. This setting is visible through the 
small window in the nameplate on the upper side 
of the case. 

8, Through the large window in the name- 
plate, read the temperature setting on the 
temperature scale. (As the small knob is moved 
to set the galvanometer at zero, it also moves 
the temperature indicator.) 


A highly important factor in the use of an 
optical pyrometer, whether of the prism or the 
filament type, is the ability of the human eye 
to recognize a perfect match. Because of the 
fallibility of human judgment, the optical pryom- 
eter is not as completely dependable as the 
immersion type. Nevertheless, the accuracy of 
the results obtained with the optical pyrometer 
depends upon the operator's ability to match the 
filament intensity with that of the molten metal 
or hot body, as shown in figure 4-22. Each of 
the different views shown in figure 4-22 illus- 
trates the appearance of the filament in relation 
to the same hot body under different temperature 
circumstances, In part A of figure 4-22, the 
filament is less intense than the metal; the 
temperature scale with this filament adjustment 
would be inaccurate. The same would be true in 
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102.22X 
Figure 4-22.— Matching the filament with the 
hot body. 


part C where the filament intensity is greater 
than that of the molten metal. Only when the 
intensity of the filament and the molten metal 
match, as shown in part B of figure 4-22, is it 
possible to obtain an accurate reading. 


A basic factor in measuring temperature 
with the optical pyrometer, is developing a trained 
eye able to recognize a perfect match. That is, 
a perfect match of color for optical pyrometers 
utilizing the prism principle, and a perfect 
match of intensity for optical pyrometers utilizing 
the principle of the disappearing filament. With 
either type, constant practice will help develop 
the skill necessary for accurate readings. Until 
you have acquired this skill in using the optical 
pyrometer in the foundry, have the shop super- 
visor (chief or first class) or the leading petty 
officer check your results. 


FINISHING EQUIPMENT 


A modern foundry has available a variety 
of equipment in addition to that designed to produce 
molds, cores, and molten metals for pouring 
castings. Most of this additional equipment is 
designed to clean castings; that is, to remove 
gates and risers, surface defects, or the scale 
and dirt that usually adheres to the casting after 
it is shaken from the mold. The equipment for 
accomplishing these cleaning operations includes 
sprue cutters (metalcutting bandsaw), pneumatic 
chipping guns, portable and stationary grinders, 
sandblast cabinets, oxyacetylene cutting torches, 
and such accessories as vises and handtools. 
As pointed out earlier in this chapter, all found- 
ries in which you work may not have all of this 
equipment, But as you move from one duty station 
to another, you will probably work with many 
of these machines. 
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METAL-CUTTING BANDSAW 


Metal-cutting bandsaws, sometimes called 
spruecutters, are standard equipment on board 
repair ships and tenders with the exception of 
those ships with class E foundries. These ma- 
chines are used for nonprecision cutting of 
various materials. The bandsaw has a great 
degree of flexibility for cutting. It can cut objects 
of any reasonable size and of regular and ir- 
regular shapes. The metal-cutting bandsaw illus- 
trated in figure 4-23 is typical of those available 
in Navy foundries. 

The principle use of the bandsaw in the found- 
ry is to remove gates and risers from castings, 
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Figure 4-23.— A metalcutting bandsaw. 
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and to cut scrap metals in small pieces so that 
they can be charged in the various melting 
furnaces, 

Commonly used to cut brass, bronze, monel, 
and aluminum, the bandsaw is also used to cut 
thin sections of carbon steel casting such as 
gates and small risers. However, large sections 
of gates and risers are commonly removed using 
an oxyacetylene cutting torch. Gates and risers 
of stainless steel are not normally removed 
using the foundry bandsaw. Other methods are 
used such as abrasive cut-off wheels, or by 
melting off with an electric arc from a welding 
machine. Bandsaws can be used to remove gates 
and risers from cast iron; however, if the design 
of the gates and risers permits, they are com- 
monly removed by flogging (breaking) with ham- 
mers or sledge hammers. Large cast iron 
risers that cannot be removéd by using the 
flogging method are removed by using the oxy- 
acetylene cutting torch. The bandsaw is not 
commonly used to cut scrap cast iron or pig 
iron into small pieces. Since irons are brittle, 
they are broken into smaller pieces by the 
flogging method. 

Since the metal-cutting bandsaw is used to 
cut various types of materials of various thick- 
ness, hardness, and toughness, you will have to 
select the saw blade best suited for cutting those 
materials. In order to understand the design of 
saw blades, let us discuss some common terms 
related to the saw blade design. 


Saw Blades 


Every saw blade has a specific even number 
of teeth per linear inch, usually from 6 to 32. 
PITCH designates the number of teeth per linear 
inch, (Fig. 4-24.) 

The distance across the flat surface of the 
saw blade (back to the tip of the tooth) pitch is 
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29.15Х 
Figure 4-24. — Pitch, width, and gage. 
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the WIDTH. (Fig. 4-24.) The saw width of the 
blade is always expressed in inches, or fraction 
of an inch. Blades are available in widths ranging 
up to 1 inch. 

The thickness of a blade is called GAGE. 
(Fig. 4-24.) The gage is expressed inthousandths 
of an inch. Saw blades are supplied in three 
gages: 0.025, 0.032, and 0.035 inch. 

The bend or spread given to the teeth ofa 
saw blade is required in order to provide clear- 
ance for the body when a cut is being made. 
The bend or spread is called SET. (Fig. 4-25.) 

The difference between the gage of the blade 
and the set of the teeth is called SIDE CLEAR- 
ANCE. Side clearance provides running room 
for the body of the blade in the kerf or cut. 
Without side clearance, as shown in figure 
4-25, the saw blade will bind in the kerf. 

There are three distinct SET PATTERNS, 
as shown in figure 4-26, to which teeth are 
set: raker, wave, and straight. Raker set pattern 
saw blades are generally used for solid cross 
section work, such as gates and risers. Wave 
set pattern saw blades are used for cutting 
hollow materials, such as pipes and tubing. 
Straight set pattern saw blades are not used 
to any great extent for metal-cutting work. 

TEMPER, or degree of hardness, of the 
teeth is indicated by the letters A and B, temper 
A being the harder. Temper A saws are used 
for practically all bandsaw metal-cutting work. 


Bandsaw Guides 


The upper and lower guides keep the saw 
blade in its normal track when work pressure 
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Figure 4-25. — Set and side clearance. 
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Figure 4-26. — Set pattern. 


applied to the saw blade. The lower guide 
attached to the underside of the table and 
wivels with the carriage. The upper guide 
з attached to a vertically adjustable arm above 
1e table, which permits raising or lowering the 
uide to suit the height of work, To obtain 
dequate support for the saw blade and yet not 
iterfere with operations, the upper guide is 
laced so that it clears the top of the workpiece 
bout 1/2 inch. The guides have three ball 
earing rollers each; the standard sizes of saw 
uides are 1/2 inch and 5/8 inch. Therefore, 
` 5/8 inch saw guides are installed in your 
quipment, you must use 5/8 inch width saw 
lades. However, the bandsaw guides in figure 
-23 are interchangeable. For example, if you 
esire to use a 1/2 inch saw blade, replace 
1e upper and lower 5/8 inch ball bearing rollers 
ith 1/2 inch ball bearing rollers. CAUTION: 
ever use a saw blade less than 1/2 inch, 
ecause the surface of the wheel for metal- 
utting bandsaws must be rubber-face type. 


3 
3 


election of Blades, 
peeds, and Feeds 


As previously mentioned, saw blades are 
vailable in various widths, various even num- 
ered pitches, and in three gages. The gage of 
1e saw blade that can be used in any particular 
1achine depends on the wheel size of the band- 
aw. A thick saw blade cannot be successfully 
sed on a machine that has bandsaw wheels 
mall in diameter; therefore, only one or two 
ages of blades may be available for some 
andsaws. Generally, only temper A, raker set, 
hd wave set pattern saw blades are used for 
1etal-cutting work. Another variable feature 
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of saw blades is that they can be furnished in 
ready-made loops of correct length for some 
machines; and for others, they come in stock 
form (in coils of 100 feet or more). A length 
can be cut and formed into a loop by welding 
the ends together in a special machine, normally 
located in the machine shop. 

Metal-cutting bandsaws can be operated at 
different speeds, beginning at 50 feet per minute. 
some of these machines are equipped with a 
hydraulic feed which provides for a low feeding 
pressure, 

Successful sawing with a metal-cutting band- 
saw depends to a large extent on selecting the 
correct saw blade, running the bandsaw at the 
correct speed, and feeding the work to the saw 
at the correct rate. Table 4-3 will give you some 
of that information. Although this table does 
not cover all types or thicknesses of metals, 
it provides a basis on which you can build from 
your own experiences. 

Tooth pitch is the primary consideration in 
selecting a blade for any cutting job. For cutting 
thin materials, the pitch should be fine enough 
to permit at least two teeth to be in contact 
with the work; fewer than two will tend to cause 
teeth to snag and tear loose from the saw 
blade, cause the saw blade to break, or cause 
the saw blade to slip off the wheels of the band- 
saw. For cutting thick material, the consideration 
is not to have too many teeth in contact with 
the work. The greater the number of teeth in 
contact, the greater the feed pressure must be 
in order to force the teeth to cut into the mate- 
rial. 

Excessive feed pressure puts severe strain 
on the saw blade and the band guides, and causes 
sidewise wander of the saw blade, which results 
in off-line cutting. Another point to consider 
in selecting a saw of proper pitch for a particular 
cutting job is the composition of the material 
to be cut, its hardness, and its toughness. Table 
4-3 is a saw blade pitch and speed selection 
chart and shows what pitch of saw to use for 
cutting many commonly used metals. 

The general rule is to use the widest and 
thickest saw blade, consistent with the require- 
ments of the job at hand. For example, a saw 
blade of maximum width and gage (thickness) 
should be used when the job calls for making 
only straight cuts. On the other hand, when 
making radius cuts, the sawblade selected must 
be capable of following the sharpest curve in- 
volved. Thus, for curved work, select the widest 
saw blade recommended for your machine which 
will negotiate the smallest radius required. 
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MA TERIAL 


FERROUS METALS 


Angle Iron 

Pipe 

Tubing (Thinwall) 
Cast Steels 

Cast Iron 


NON-FERROUS METALS 


Aluminum (All Types) 
Brass 

Bronze (Cast) 

Copper 

Magnesium 

Monel Metal 


NON-ME TALS 


Bakelite 
Carbon 
Plastics (All Types) 


The rate at which the saw blade travels in 
feet per minute from wheel to wheel is the saw 
blade speed or velocity. Saw blade velocity has 
considerable effect upon both the smoothness 
of the cut surfaces and the life of the band. The 
higher the band velocity, the smoother the cut; 
however, heat generated at the cutting point 
increases as blade velocity increases. Too high 
a saw blade velocity causes overheating and 
failure of the saw teeth. The velocities given 
in table 4-3 are based on manufacturer's recom- 
mendations, which in turn are based on data 
obtained from saw life tests and cutting ex- 
periments under various conditions. If you follow 
the recommendations given in the table, you will 
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102.114 
Table 4-3. — Saw Pitch and Velocity for Various Materials 


SAW PITCH SAW VELOCITY 
Work Thickness Work Thickness 


be assured of the best saw blade performance 
consistent with its maximum life. 

Adjusting the machine for obtaining the proper 
Saw blade velocity cannot be covered in detail 
here because speed changing is accomplished by 
different methods in different brands of machines. 
Consult the manufacturer's technical manual for 
your particular machine and learn how to set 
up the various speeds available. 

Manual and power feeding are used to remove 
gates and risers from castings. It is common 
practice to remove gates from castings using 
the manual feed (pressure applied with hands) 
because this method is recommended for cutting 
metals up to about one inch in thickness. For 
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risers which in most cases are larger than 
one inch, power feeding generally provides better 


results, and will be much safer for the operator. 


When power feeding is used, be sure to secure 
the casting using the adjustable vise furnished 
with your equipment. Regardless of whether 
power or manual feed is used, it is important 
not to crowd the saw, because the band will tend 
to bend and twist. Feed pressure must not be 
so light that the teeth slip across the material 
instead of cutting through because that rapidly 
dulls the teeth. 

The power feed controls vary with different 
makes of band saws and even with different 
models of the same make; therefore, no descrip- 
tion of the physical arrangement of the power 
feed controls will be given here. Consult the 
manufacturer's technical manual and study the 
particular machine to learn its power feed 
arrangement and control. 


Installing Bandsaw Blades 


Adjust the upper wheel for a height that will 
allow the saw blade to be looped easily around 
the wheels. Then, place one end of the loop over 
the upper wheel and the other end of the loop 
around the lower wheel. Be sure that the teeth 
are pointing downward on the cutting side of the 
saw blade loop, and that the blade is properly 
located in the guides. Place a slight tension on 
the saw blade by turning the upper wheel takeup 
Screw, and revolve the upper band wheel by 
hand until the saw blade has found its tracking 
position. If the saw blade does not track on 
the center of the crowns of the wheels, use 
the upper wheel tilt control to correct tracking. 

When the saw blade is tracking properly, 
adjust the saw blade guide rollers so that you 
have a slight contact between the back edge of 
the blade and the backup bearings of the guides. 
When the saw blade guide adjustment has been 
made, increase the tension on the saw blade. 
The best approach to obtain the proper tension 
is to start with a moderate tension; if the saw 
tends to run off line when cutting, increase the 
tension slightly. 


Operating and Safety Precautions 


1. Remove all adhering sand from the cast- 
ing. Cutting through sand will shorten the life 
of a saw blade. 

2. Before starting the machine, inspect the 
saw blade guides for proper relation to the back 
edge of the saw blade. 


3. Adjust the saw guide to about 1/2 inch 
above the casting to be cut. Do not attempt to 
raise or lower the guide while the saw is in 
motion. 


4. Do not allow anyone to stand close to 
and in line with the saw wheels while the saw 
is in motion. 


5. On hearing a clicking or knocking sound 
at the saw guide, stop the machine immediately 
and inspect the entire saw blade. 


6. Avoid excessive twisting of the blade when 
making a circular cut. 

7. All castings to be sawed should have a 
good stable contact between the casting and the 
table carriage. If necessary, use wedges or 
blocks for reinforcement to ensure good stable 
casting contact with the table carriage. 

8. Reinforce carriage and casting contact 
between gates and risers using wedges or blocks 
if required. 


9. Avoid backing out of the cut when machine 
is running. 


10. When a saw blade breaks, shut off the 
power immediately and wait until the wheels 
stop turning before removing casting. 


11. Cutting cylindrical stock or castings is 
dangerous. However, it may be done safely if you 
secure all cylindrical work with the adjustable 
vise and wedges. 


12. Never push work with your hand in line 
with the saw blade. 

13. If the saw blade binds, give the blade 
more side clearance or use a wedge in the saw 
kerf (cut). 


14. Plan cuts so that small pieces will not 
pass through the opening in the saw table and be 
carried around between the wheel and saw blade. 

15. When a heavier than normal pressure is 
required to advance the casting into the saw, 
it indicates a dull blade. Stop the machine and 
have a new blade fitted immediately. 

16. Follow the operating and safety precau- 
tions posted near your equipment. 


Maintenance 


The planned preventive maintenance on the 
metal-cutting bandsaw must be performed in 
accordance with the Planned Maintenance Sub- 
system (PMS) which is discussed in Military 


Requirements for Petty Officer 3 and 2, NavPers 
10056-B. 
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SANDBLASTING CABINETS 


Although wire brushes, hand or power-driven, 
may be sufficient for cleaning many castings, 
Navy foundries usually have blasting cabinets 
for this purpose. The casting is placed in a 
cabinet into which a high-pressure air stream 
is led. Sharp silica sand, or angular steel grit 
material, is introduced into the air stream, 
and as the latter plays over the castings, the 
sand or steel grit acts as an abrasive agent. 

The essential parts of a blasting cabinet 
are: a chamber for the castings, a mixing 
chamber for the sand and air stream, a hose 
and nozzle for directing this stream upon the 
castings, a method for recovering the abrasive 
and returning it to the апше chamber, and a 
dust-collecting system. 

Confining the blasting operation to the in- 
terior of the cabinet is an important health 
and safety measure. Scattering of sand and 
dust in all directions is avoided; the operator 
is protected from silica dust, prolonged ex- 
posure to which is likely to result in a respira- 
tory disease. 

The cabinet shown in figure 4-27 illustrates 
the way in which these devices are utilized. 
The charging door is the point at which castings 
are placed in and removed from the cabinet. 
The view window permits the operator to observe 
the blasting process. The two HANDHOLES allow 
the operator to manipulate the nozzle and the 
casting. Rubber sleeves and gloves are attached 
to these handholes, so that the operator has 
no excuse for not availing himself to these 
necessary protections. The blast of air and 
abrasive is controlled either by a knee-operated 
lever or by a foot pedal. 


For operating and safety precautions, follow 
those posted for your specific equipment. The 
preventive maintenance should be periormed 
in accordance with the Planned Maintenance 
Subsystem (PMS) which is described in Military 


Requirements for Petty Officer 3 & 2, NavPers 
10056-C, 


2EDESTAL GRINDERS 


To advance in rate, you must demonstrate 
an ability to use pedestal grinders. That is, 
after gates and risers have been removed from 
castings by other means, you must be able to 
dress the casting by íiemoving any fins and 
portions of gates and risers that remain without 
grinding into the casting. Not only must you 
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Figure 4-27.— Sandblasting cabinet. 


demonstrate your ability to use a pedestal grinder, 
you must also observe the all-important operating 
and safety precautions. This section contains in- 
formation concerning pedestal grinders. It does 
not contain information about portable grinders 
or portable sanders. For information concerning 
portable grinders and sanders, refer to the 
Basic Handtools, training manual, NavPers 
10085-A. 

Pedestal grinders are relatively simple ma- 
chines. Thc main components of a grinder are: 
a motor with an extended shaft for mounting 
grinding wheels or wire wheels, a mounting 
base for the inotor, grinding wheel guards or 
wire wheel guards which are mounted over the 
grindiag wheel or wire wheel as a safety feature, 
an adjustable toolrest for steadying the work- 
piece for grindiug, and a shield which is fastened 
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to the wheel guards to protect the operator from 
flying chips. 


Grinding Wheels 


A grinding wheel is a cutting tool. The abra- 
sive particles in the wheel provide thousands 
of small cutting edges that remove metal chips 
from the stock being ground. For most efficient 
use of a grinding wheel, you must select the 
correct wheel and ensure that it is installed 
properly. You must know how to ''sharpen"' 
or dress the wheel. 

There are two types of abrasives: natural 
and manufactured. Natural abrasives, such as 
emery, corundum, and diamond, are used by the 
machine shop in honing stones and in special 
types of grinding wheels. The common manu- 
factured abrasives are aluminum oxide and silicon 
carbide. They have superior qualities and are 
more economical than natural abrasives. Alumi- 
num oxide (designated by the letter A) is used 
for grinding steel and steel alloy castings. 
Silicon carbide (designated by the letter C), 
which is harder but not as tough as aluminum 
oxide, is used mostly for grinding nonferrous 
metals. | 


The bond determines the strength of the 
wheel. The most common types of bonds are 
the vitrified and the silicate. The vitrified bond 
(designated by V) is most common. It is a 
glasslike substance that makes a strong rigid 
grinding wheel which is porous, free cutting, 
and unaffected by temperature, oils, water, and 
acids. The silicate bond (designated by the letter 
S) is softer (releases abrasive grains more 
readily) than the vitrified bond. In general, 
the softer materials to be ground require harder 
bonds, and the harder materials require softer 
bonds. A proper bond for a specific grinding 
application should retain the abrasive grains 
until they become dull. 

Other terms used in relation to grinding 
wheels are grain size, grade, and structure. 
The grain size (from 24 to 600) indicates the 


size of the abrasive grains in a wheel. It is - 


determined by the size of mesh of a sieve 
through which the grains can pass. The grade 
(designated alphabetically A to Z, soft to hard) 
of a grinding wheel is the term used to designate 
the ability of the bond to retain the abrasive 
grains in the wheel. In the grinding operation, 
a Soft grade bond releases the abrasive grains 
relatively easily as compared to a hard grade 
bond. The structure (designated numerically from 
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1 to 15, dense to porous) indicates the spacing 
between the abrasive grains. 

A standard wheel marking is used combining 
the letter and number symbols given in the 
preceding paragraphs. For example: 


A 36 K 10 V 


Abrasive type | 


Grain size 
Grade 
Structure 
Bond type 


A manufacturer's record symbol is 
sometimes found in this position. 


Installing the Wheel 


The wheel of a bench or pedestal grinder 
must be properly installed; otherwise accidents 
may occur and the wheel will not operate 
properly. Before a wheel is installed, it should 
be inspected for visible defects and ''sounded'' 
by tapping lightly with a piece of hard wood to 
determine whether it has invisible cracks. A 
good wheel gives out a clear ringing sound when 
tapped, but if the wheel is cracked a dull thud is 
heard. 

Ensure that the wheel fits on the spindle 
without play. Force should not be used, how- 
ever, as this may cause the wheel to crack 
when placed in operation, or cause the wheel 
to be slightly out of axial alignment. Recessed 
flanges (see fig. 4-28) must be used on both 
sides of the wheel to spread the pressure of 
the securing nut. The flanges should be at least 
one-third the diameter of the wheel. Use thin 
cardboard or rubber washers between the flanges 
and the wheel to ensure even pressure on the 
wheel, and to dampen the vibration between the 
wheel and shaft when the grinder is in operation. 
Tighten the securing nut sufficiently to hold the 
wheel firmly; tightening too much may damage 
the wheel. 


Dressing the Wheel 
Grinding wheels require frequent recondi- 


tioning of cutting surfaces to perform efficiently. 
Dressing is the term used to describe the 


Chapter 4— FOUNDRY EQUIPMENT 








SOFT PAPER CUSHION 


SHAFT 
“МС. BEARING SURFACE 
28.62 
Figure 4-28.— Method of mounting a grinding 


wheel. 


process of cleaning the periphery of grinding 
wheels. This cleaning breaks away dull abrasive 
grains and smooths the surface so that there 
are no grooves. 


The wheel dresser shown in figure 4-29 is 
used for dressing grinding wheels on bench and 
pedestal grinders. To dress a wheel with this 
tool, start the grinder and let it come up to 
speed. Set the wheel dresser on the rest as 
shown in figure 4-29 and bring it in firm con- 
tact with the wheel. Move the wheel dresser 
across the periphery of the wheel until the 
surface is clean and approximately square with 
the sides of the wheel. 


If grinding wheels gets out of balance because 
of out-of-roundness, dressing the wheel will 
usually remedy the condition. If the wheel gets 
out of balance axially, it probably will not affect 
the efficiency of the wheel on pedestal grinders. 


миле" 


Ayas 





28.63 


Figure 4-29. — Using a grinding wheel dresser. 
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This unbalance may be remedied simply by 
removing the wheel and cleaning the shaft spindle 
and spindle hole in the wheel and the flanges. 


Operating and Safety Precautions 


The grinding wheel is a fragile cutting tool 
which operates at high speeds. Great emphasis 
must be given, therefore, to the safe operation 
of pedestal grinders. Observance of operating 
and safety precautions, posted on or near all 
grinders used in the Navy, is mandatory for the 
safety of the operator and the safety of personnel 
in the nearby vicinity. | 


What are the most common sources of injury 
during grinding operation? Hazards leading to 
eye injury caused by grit generated by the 
grinding process are the most common and the 
most serious. Abrasions caused by bodily contact 
with the wheel are quite painful and can be 
serious. Cuts and bruises caused by segments 
of an exploded wheel, or a tool ''kicked'' away 
from the wheel are other sources of injury. 
Cuts and abrasions can become infected if not 
protected from grit and dust from grinding. 


Safety in using pedestal grinders is pri- 
marily a matter of using common sense and 
concentrating on the job at hand. Each time you 
start to grind a casting, stop briefly to consider 
how observance of safety precautions and the 
use of safeguards protect you from injury. Con- 
sider the complications that could be caused by 
your loss of sight, or loss or mutilation of an 
arm or hand. 

Some guidelines for safe grinding practices 
are: 


1. Read posted operating and safety pre- 
cautions before starting to use a machine. In 
addition to refreshing your memory about safe 
grinding practices, this gets your mind on the 
job at hand. 


2. Secure all loose clothing and remove 
rings or other jewelry. 


3. Inspect the grinding wheel, wheel guards, 
the toolrest, and other safety devices to ensure 
they are in good condition and positioned prop- 
erly. Set the toolrest so that it is within 1/8 inch 
of the wheel face and level with the center of the 
wheel. 


4. Clean transparent shields, if installed, 
and put on goggles or eyeshields. Transparent 
shields do not preclude the use of goggles or 
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eyeshields as the dust and grit may get around 
a shield attached to the pedestal grinder. 

5. Stand aside when starting the grinder 
motor until operating speed is reached. This 
prevents injury if the wheel explodes from a 
defect that has not been noticed. 

6. Do not wear gloves during grinding oper- 
ations. 

7. Never use a rag to hold the object being 
ground. 

8. Hold small objects securely in a clamp 
or other suitable holding device. 

9. If necessary, have a pot of water nearby 
to cool off the surface being ground. 

10. Use light pressure when starting to grind; 
too much pressure on a cold wheel may cause 
failure. 

11. Grind only on the face or periphery of 
a grinding wheel. 

12. If the wheel has received a severe jolt, 
remove it for thorough inspection. 

13. Excessive vibration indicates that the 
wheel is out of round. Dress the wheel immedi- 
ately. 

14. Do not leave the machine unattended 
while in operation. 

15. Secure the machine after you have com- 
pleted your grinding operation. 

16. Never try to slow the wheel by using the 
bare hands. Wait until the machine coasts to 
a full stop. 


OXYACETYLENE CUTTING 


Oxyacetylene cutting may be used to facilitate 
the removal of gates and risers on large low 
carbon steel castings by the application of heat. 
The principle of oxyacetylene cutting is simple. 
The metal is heated to its ignition temperature 
by oxyacetylene flames. Then, a jet of pure 
oxygen is directed at the hot metal, and a 
chemical reaction known as OXIDATION takes 
place. Oxidation is a familiar chemical reaction. 
When it occurs rapidly, it is called COMBUS- 
TION or BURNING; when it occurs slowly, it 
is called RUSTING. When metal is being cut 
by the oxyacetylene torch method, the oxidation 
of the metal is extremely rapid—in short, 
the metal actually burns. The heat liberated 
by the burning of the steel melts the iron oxide 
formed by the chemical reaction, and also heats 
the steel. The molten material runs off as slag, 
exposing more steel to the oxygen jet. 


In oxyacetylene cutting, only that portion of 
the metal which is in the direct path of the 
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oxygen jet is oxidized. Thus, a narrow slit 
(called a KERF) is formed in the metal as 
the cutting progresses. Most of the material 
removed from the kerf is in the form of oxides 
(products of the oxidation reaction); the re- 
mainder of the material removed from the 
kerf is pure metal which is blown or washed 
out of the kerf by the force of the oxygen jet. 

Since oxidation of the metal is a vital part 
of the oxyacetylene cutting process, this process 
is not suitable for metals which do not oxidize 
readily. Low carbon steels are easily cut by 
the oxyacetylene cutting process; but special 
techniques are required for the oxyacetylene 
cutting of cast iron and other metals. Therefore, 
the section on cutting operation applies specifi- 
cally to low carbon steel castings. Other cutting 
operations are beyond the scope of this training 
manual. 

The walls of the kerf formed by oxyacetylene 
cutting should be fairly smooth and parallel 
to each other. When you develop skill in handling 
the torch, you will be able to hold the cut to 
within reasonably close tolerances. Also, you 
wil be able to guide the cut along straight and 
curved lines for removing gates and risers. 


Oxyacetylene Cutting Torches 


The standard cutting torch looks very much 
like the oxyacetylene welding torch. The main 
difference in the two torches is that the cutting 
torch has an extra tube for high pressure (cutting) 
oxygen. The flow of high pressure oxygen can 
be controlled from a valve or trigger assembly 
on the handle of the cutting torch. A standard 
cutting torch is shown in figure 4-30. 

some welding torches are furnished with a 
cutting attachment which may be fitted to the 
torch in place of the welding head. With this 
type of attachment (shown in fig. 4-31), the 
welding torch may be used as a cutting torch. 

Cutting tips are made of copper or of 
tellurium-copper alloy. They are of the same 
general design as that shown in figure 4-32, 
whether they are used on the standard cutting 
torch or on the cutting attachment to the welding 
torch. The central opening or orifice in the tip 
is for the jet or stream of high pressure oxygen 
that does the cutting; the smaller orifices are 
for the oxyacetylene flames used for preheating 
the metal to its ignition temperature. There are 
usually four or six of these preheat orifices 
in each oxyacetylene cutting tip; however, some 
heavy-duty tips have many more preheat orifices. 


Chapter 4— FOUNDRY EQUIPMENT 









Ley 22 


ым: 
SENNA AS - 





Б 


I 277 = —— em 
a 


eee d „Керк SPA 















STRAIGHT HEAD 


CUTTING 
OXYGEN TUBE 


PREHEATING 


90° HEAD OXYGEN TUBE 









SS 
om 


VALVE SPRING 


A =) 
= i PSS = rap cr D Pm Mam Fa G Ao a A D at For Fo — 
(nena 
и 
ГД 
ранае 


a — ар ар аР Р Р Р = — ААН A 





s : ACETYLENE 
CROSS SECTION S4—NEEDLE VALVE 
THROUGH HANDLE ASSEMBLY 
OXYGEN БУБЕН 


HOSE CONNECTION 


оу 272227222727: 


inne —_———————— 
adap 





Nea LLL LLL М а СХА 
| = N N PEA WY “2 БЕ RL Pm 
| RONEN BS 1 AEE Wee T] e ea aaa 
Nos ` s LAN 
| 1 1 
| PREHEATING OXYGEN VALVE TORCH SY ACETYLENE 
| ACETYLENE AND SEAT HANOLE ЫШ) НОЅЕ 
T. TUBE CONNECTION 
| TRIGGER ACETYLENE 
i ASSEMBLY NEEDLE VALVE 

CROSS SECTION 

11.125 


Figure 4-30.— Standard oxyacetylene cutting torch. 


Cutting tips are furnished in various sizes. 
In general, the smaller sizes are used for cutting 
thin material and thc larger sizes are used 
for cutting heavy material. Tip sizes are identi- 
fied by numbers. When numbers such as 000, 
00, 0, 1, 2, 3, 4, and 5 are used to identify tip 
sizes, the lower numbers indicate the smaller 
tips; for example, a No. 00U tip is smaller than 
a No. 1 tip, and a No. 1 tip is smaller than a 
No. 5 tip. Some manufacturers identify cutting 
tips by giving the drill size number of the 
orifices. Large drill size numbers indicate small 
orifices; for example, drill size 64 is smaller 
than drill size 56. 

In military specifications and standards, and 
also in the Fleet Oriented Consolidated Stock 
List (FOCSL), oxyacetylene cutting tips are 
identified by three numbers. The first part is 
the tip size (0, 1, 2, 3, etc.). The second part 
is the drill size number of the orifice for 
the cutting oxygen. The third part is the drill 
size number of the prcneat orifices. For example, 
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the number 1-62-64 identifies a No. 1 tip with 
a cutting orifice of drill size 62 and preheat 
orifices of drill size 64. Table 4-4 gives tip 
numbers, orifice sizes, and approximate cutting 
ranges of various sizes of oxyacetylene cutting 
tips. 


Oxyacetylene Cutting Operations 


Before beginning any oxyacetylene cutting 
operation, be sure that you have selected the 
right size tip for the job. Follow the manufac- 
turer’s recommendations concerning tip sizes 
to use for different kinds of work. The oxygen 
and acetylene pressures to be used with various 
sizes of tips are also given by the manufacturer. 

Before fitting a cutting tip into the torch 
head, inspect the tip carefully to be sure that it 
is clean, that the orifices. are not clogged with 
Slag, and that the orifices are not distorted. The 
stream of cutting oxygen sometimes blows slag 
und molten metal into the orifices, clogging 
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Figure 4-31.— Cutting attachment for an oxyacetylene welding torch. 


them. It is very important to remove all this 
material from the orifices before using the tip; 
even a very small amount of slag or metal in an 
orifice will seriously interfere with the cutting 
operation. 

Tip cleaners supplied by the manufacturer 
should be used for cleaning tips. Do not use 
twist drills, wire, or other improvised tools for 
cleaning tips, as these are very likely to enlarge 
and distort the orifices. 

Occasionally the cleaning of the tips will 
cause enlargement and distortion of the orifices 
even if the proper tip cleaners are used. If the 
orifices become belled for a very short distance 
at the end, it is sometimes possible to correct 
this condition by rubbing the tip back and forth 
against emery cloth on a flat surface. This 
wears down the end of the tip where the orifices 
have been belled, thus bringing the orifices back 
to their original size. Obviously, this procedure 
would not work if the enlargement is very great 
or if the belling extends more than a slight dis- 
tance into the orifice. 

After reconditioning a tip, test it by lighting 
the torch and observing the preheating flames. 
If the flames are too short, the orifices are 
still partially blocked. If the flames snap out 
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when the valves are closed, the orifices are 
still distorted. 

If the tip seat is dirty or scaled so that it 
does not fit properly into the torch head, heat 
the tip to a dull red and quench it in water. This 
will loosen the scale and dirt enough so that they 
can be rubbed off with a cloth. 


Cutting Low Carbon Steel 


To cut low carbon steel with the oxyacetylene 
cutting torch, adjust the preheating flames to 
neutral. Hold the torch perpendicular to the 
work, with the inner cones of the preheat- 
ing flames about 1/16 inch above the end of 
the line to be cut. Hold the torch in this posi- 
tion until the spot you are heating is a bright 
red. Open the cutting oxygen valve slowly but 
steadily. If the cut is being started correctly, 
a shower of sparks will fall from the oppo- 
site side of the work, indicating that the cut 
is going all the way through. Move the cutting 
torch forward along the line just fast enough for 
the cut to continue to penetrate the work com- 
pletely. If you have made the cut properly, you 
will get a clean, narrow cut which looks some- 
what like one made by sawing. When cutting 
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Figure 4-32,— Oxyacetylene cutting tip. 


round bars or heavy sections, you can save time 
and gas if you raise a small burr with a chisel 
where the cut is to start. This small raised 
portion will heat quickly, and cutting can be 
started immediately. 

If you have a cut to start from the center or 
Some portion of metal other than the edge, use 
the following method for starting the cut. Pre- 
heat to a bright red the spot on the surface 
where the cut is to start. Tilt the torch at an 
angle of about 45° from the perpendicular, in 
line with the direction of the cut. Openthe cutting 
oxygen valve very slowly. As the torch begins 
to cut, start righting it to a perpendicular to the 
surface of the plate. Continue to right the posi- 
tion of the torch gradually as it cuts until it is 
at 90? to the surface of the plate and is cutting 


all the way through. Move it forward along the 
line of cut as fast as complete penetration can 
be accomplished. If you do not follow this pro- 
cedure, you are likely to blow the slag back on 
the cutting tip, clogging the orifices or otherwise 
damaging the equipment. 

When you have started a cut, move the torch 
slowly along the cutting mark or guide. As you 
move the torch along, watch the cut so you can 
tell how it is progressing. Make torch adjust- 
ments if necessary. You must move the torch 
along at the right speed — not too fast, and not 
too slow. If you go too slowly, the preheating 
flame will melt the edges along the cut and may 
even weld them back together at the top surface. 
If you go too fast, the oxygen will not penetrate 
completely through the metal and the cut will be 
incomplete. In that case, you will have to close 
the cutting oxygen valve and start the entire 
operation over again at the beginning of the 
partially cut area. 


Safety Precautions 


In all cutting operations, be careful to see 
that hot slag does not come in contact with any 
combustible material. Globules of hot slag can 
roll along a deck for quite a distance. Do not cut 
within 30 or 40 feet of unprotected combustible 
materials. If combustible materials cannot be 
removed, cover them with sheet metal or asbestos 
guards. Keep the acetylene and oxygen cylinders 
far enough away from the work so that hot slag 
will not fall on the cylinders. 

Many of the safety precautions discussed in 
this chapter apply to cutting as wellasto welding. 
Be sure that you are entirely familiar with all 
appropriate safety precautions before attempting 
any oxyacetylene cutting operation. 
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Table 4-4.— Sizes and Cutting Ranges of Oxyacetylene Cutting Tips 





Cutting oxygen 





Tip orifice (drill 
identification 

1-62-64 62 

2-56-62 56 

3-52-59 52 

4-43-57 43 

5-30-56 30 





Preheat orifices Approximate cutting range 
Drill size How many 


straight edge cutting of 
medium steel (inches) 


1/8 to 1/2 
1/4 to 1 1/4 
1 to 2 1/2 

2 to 6 

6 to 12 
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CHAPTER 5 
FURNACES 


The skils of the Molder are as varied 
as the different styles of jobs he may be called 
upon to perform. In addition to the knowledge 
required to make a satisfactory mold to produce 
a Sound, usable casting, the Molder should be 
familiar with the different styles, construction, 
principles of operation, maintenance, and melting 
practices of the various furnaces in use aboard 
Navy repair ships and tenders, and at shore- 
based foundries. 

Many satisfactory general purpose castings 
are produced with the oil-fired furnace. For 
some Special applications, this melting unit 
is not satisfactory because it lacks adequate 
temperature control, or does not lend itself 


to the incorporation of certain alloying elements. 


A demand by industry and government for uni- 
form, high quality castings having a special 
composition, brought about the development of 
melting methods in which a high degree of 
temperature and casting composition control 
is possible. Melting units lending themselves 
to adequate temperature control are the modern 
electric furnaces. 

The three types of electric furnaces in use 
aboard Navy repair ships and at shore-based 
foundries are the rocking indirect-arc furnace, 
the rocking electric-resistor furnace, and the 
high-frequency induction furnace. The design 
features and operating principles are the same 
for all electric furnaces of a given type, re- 
gardless of the differences in melting capacity. 
There might be some differences in the tech- 
niques for relining of the furnace, since the 
large furnaces require greater amounts of re- 
fractory and insulating materials than do the 
smaller furnaces. 

In addition to the three types of electric 
furnaces used to produce castings, general pur- 
pose castings of nonferrous metals and alloys 
can be produced by using an oil-fired furnace 
as the melting unit. This type of furnace is found 
aboard ships having limited facilities for the 
generation of power. Although these melting 
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units do not lend themselves to adequate tempera- 
ture control, nor to the incorporation of certain 
alloying elements, they are satisfactory for 
producing brass, bronze, and low melting point 
alloys. They are not suitable for melting steel, 
cast iron, or monel because the combustion of 
oil will not provide the required temperatures 
for melting and pouring. 

With these four types of furnaces, Navy 
Molders have at their disposal equipment capable 
of melting all common metals and alloys. And 
further, they have the means to produce metals 
and alloys for castings equal in quality to any 
produced elsewhere in the world. 

The construction, control stations, operation, 
maintenance, and relining of the various fur- 
naces that the Navy Molder should be acquainted 
with are described in this chapter. 


ROCKING INDIRECT-ARC ELECTRIC 
FURNACE 


The rocking indirect-arc electric furnace 
(fig. 5-1) is just what its name implies. The 
source of heat is the electric arc, but itis 
called indirect-arc because the arc does not 
make contact with the metal to be melted. Heat 
is radiated from the arc onto the metal; a 
secondary source of heat is the refractory lining, 
which is itself heated by the electric arc. The 
rocking action of the furnace serves to expose 
a greater surface of the lining to the heat of 
the arc, and in this way delivers more heat to 
the metal. The rocking action helps to mix the 
molten metal, and produces a more uniform 
heat throughout the mass. 

During operation, the rocking indirect-arc 
furnace makes a distinctive cracking sound. 
This sound is caused by an electric current 
jumping the gap between the ends of two carbon 
electrodes. Its the kind of sound that might 
be emitted by a giant electric-welding arc. 
This characteristic cracking and snapping sound 
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Figure 5-1.— Rocking indirect-arc furnace. 


readily distinguishes an operating indirect-arc 
furnace from another type of electric furnace— 
the electric-resistor furnace. 

The LFC and the LFY indirect-arc furnaces 
are used by the Navy. The LFC furnace has a 
350 pound cold charge capacity and the LFY 
furnace has a 500 pound cold charge capacity. 
However, in general, for ferrous and nonferrous 
metals, excluding aluminum, the LFC will hold 
approximately 500 pounds of molten metal and 
the LFY furnace will hold approximately 1000 
pounds of molten metal. 


CONSTRUC TION 


The furnace itself is a steel shell or barrel, 
with heavy-duty refractory lining, and with a 
vertically mounted ring track, or wheel-like 
steel rim, attached to each end of the barrel. 
The ring track, in turn, is mounted upon the 
supporting base structure. The steel shell has 
a charging door where the metal is put into the 
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furnace, and a spout through which the molten 
metal is poured. 

A power panel located near the furnace is 
provided with a knife switch for lighting off 
or securing the furnace. The power comes from 
a transformer that steps down the 440-volt 
current delivered by the generator to 100 volts. 
The power input to the furnace is controlled 
on the power panel, as is electrode regulation. 

The SUPPORTING STRUCTURE ofthe furnace 
consists of a bed plate, or base, and two up- 
rights, as shown in figure 5-1. Each upright 
has two flanged rollers upon which the ring 
track rests. The front rollers on each upright 
are free to revolve in either direction; that is, 
they are what is known as idlers. The rear 
rollers on each upright are drivers. The weight 
of the barrel or steel shell, and of its contents, 
is transmitted through the ring track to the 
supporting structure. The two electrode brackets, 
connected by cables to the power panel and 
provided with a connection for circulating water 
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through the electrode clamps, are also supported 
by the uprights. When the electrodes are mounted 
on these brackets, they are centered on the axis 
of the barrel. The brackets provide a means for 
moving the electrodes in and out of the furnace. 

The furnace interior has a double lining. Next 
to the metal shell is a layer of insulating brick 
or castable insulation having a thickness of 
1-1/4 inches around the circumference of the 
shell. The end walls of the furnace are insulated 
with 2-1/2 inches of insulating material. Super- 
imposed on this layer of insulation is an inner 
lining consisting of refractory brick 4-1/2 inches 
thick. The insulating material can be provided 
in the form of special bricks or gravel. The 
gravel is a castable insulation material. The 
refractory bricks are provided in the form of 
specially designed shapes that fit into the furnace 
shell at particular locations. Before you begin 
to replace a lining, check the lining assembly 
in the manufacturer's technical manual. 

In mounting the electrodes on the brackets, 
make certain that there is good contact between 
the clamps and the electrodes. If you are using 
joined sections, be careful not to have the joint 
area coincide with the clamp. The result of 
this is usually a broken nipple, or a reduction 
in the area of electrical contact. For every 
heat, the electrodes should be positioned so that 
there will be a space of about 1/2 inch between 
the approaching ends of the automatic and the 
stationary electrodes, and the stationary elec- 
trode should be about 1-1/2 inches past the 
center of the barrel. This precaution ensures 
that the arc will be fairly well centered during 
the melting process, and it also prevents damage 
to the end walls of the furnace lining. 


CONTROL STATIONS 


The three principal control stations for an 
indirect-arc furnace are: the electrode regulating 
and power panel already referred to; the re- 
actance control located on the transformer; and 
the rocking control mechanism, located on the 
right-hand upright of the furnace supporting 
structure. The electrode regulating and power 
panel is the station from which you can control 
the current passing through the electrodes, and 
also control the electric motor that adjusts the 
movable electrode. The reactance control on 
the transformer stabilizes the arc. The rocking 
control assembly controls the rocking move- 
ments of the furnace. Successful furnace opera- 
tion requires the coordinated adjustments of 
these various controls. 


Electrode Regulating and 
Power Panel 


From the discussion of the furnace construc- 
tion, you learned that power input to the furnace 
is controlled at the electrode regulating and 
power panel (fig. 5-2). 

Study the illustration and familiarize yourself 
with the names of the various parts. The function 
of the KNIFE SWITCH (not illustrated) is to 
isolate the source of power from the engine 
room generator to the panel board, or to permit 
the current to pass from the panel board, if the 
knife switch is open, to the furnace transformer. 
The furnace transformer steps down the voltage 
supplied by the generator from 440 volts to 100 
volts. This source of power is delivered through 
the secondary bus bars into the furnace power 
cables, which are attached to the electrode clamp 
assembly, thereby providing the heating medium 
to the electrodes when an arc is struck in the 
furnace. When the knife switch is in the open 
position, the power is isolated to the panel board. 
When the engine room energizes the panel board, 
an indicating light bulb will glow. This light 
bulb is located on the upper portion of the panel- 
board. 

The amount of current passing through the 
carbon electrodes and thus the amount of heat 
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Figure 5-2.— Electrode regulating and power 
panel for rocking indirect-arc furnace. 
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developed in the furnace, is controlled by setting 
the LOAD-ADJUSTING RHEOSTAT. By adjusting 
the rheostat knob on the ELECTRODE REGU- 
LATING AND POWER PANEL (the load-adjusting 
rheostat is on the left side of the panel, about 
halfway down), you can set the power for the 
desired value. This power, expressed in kilowatts, 
will be indicated on the kilowatt meter mounted 
in the upper right corner of the panel. 

In figure 5-2, another meter, identified as 
the kilowatt-hour meter (recording), is used to 
measure the kilowatt-hours (KWHR) required to 
melt a charge of metal. This information is 
recorded in the furnace log and can be referred 
to for any given type and weight of metals pre- 
viously melted. The KWHR recorded can be used 
as a guide for future melts of the. same type and 
weight of metals. 

Take another look at figure 5-2. Just to the 
right of the load-adjusting rheostat, you willsee 
a vertical row of pushbuttons. These pushbuttons 
are the electrode motor controls. They control 
the movements of the electrode regulating motor 
mounted on the automatic electrode bracket. 
From the regulating panel pushbutton station, 
the movable electrode may be moved in or out, 
either manually or automatically, by depressing 
the proper pushbutton. Usually, manual adjust- 
ments are used only when the arc is unstable. 
The manual adjustments can be used when striking 
the arc. After striking the arc, electrode ad- 
justments are made automatically by depressing 
the automatic pushbutton. While on automatic, 
the speed of electrode adjustment is slower, 
but the action is positive. These pushbuttons 
control the motor that regulates the movements 
of the automatic electrode bracket. 

When the electrode motor pushbutton control 
is in the automatic position, the functions of the 
electrode regulating motor and load-adjusting 
rheostat are interdependent. The purpose of the 
entire panel is to establish and maintain, within 
the furnace, a predetermined heat or current 
value. Several factors contribute to maintaining 
this heat or current value in the furnace. Among 
the more important, though, is the gap between 
the ends of the electrodes. As stated previously, 
the load-adjusting rheostat is set to the pre- 
determined value. This value will be indicated 
on the kilowatt input meter when the electrode 
arc becomes constant. In order to maintain this 
current value, the electrode must be constantly 
adjusted to provide the proper arc gap between 
the two electrodes. Why? Because part of the 
electrode burns away, the gap widens, and the 
current value would change if the electrode motor 
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did not automatically move Ње electrode to 
maintain the desired gap. Therefore, the proper 
arc gap and the proper current value are main- 
tained by the action of the electrode regulating 
motor. Whenever the current value passing 
through the electrodes varies from that which 
has been selected and set on the load-adjusting 
rheostat, the electrode motor is caused to move 
the adjustable electrode in or out as necessary. 

A current regulator relay is mounted on the 
panel, just below the rheostat. This relay con- 
trols the direction of the electrode motor when 
this motor is operating automatically; it is 
actuated by current flowing from the trans- 
former to the electrodes. When this current 
varies from the predetermined value, the relay 
regulator functions to change the operation of 
the electrode motor. 

Additional relays are shown on the face of 
the control panel. These also are important to 
the operation of the furnace. But, insofar as 
you are concerned, their functions are automatic. 
You won't make any adjustment to them. 

The Molder’s responsibility, concerning the 
electrode regulating and power panel, is to learn 
the functions of the various automatic devices 
and controls. Maintenance of these controls, 
including adjustment of faulty conditions, is the 
responsibility of an Electrician's Mate. 


Reactance Control 


The furnace transformer, illustrated infigure 
5-3, is an air blast type, designed for operation 
on board repair ships. The transformer is assem- 
bled in a metal casing on a common base, with 
its individual motor driven blower. The blower 
and its motor are enclosed in a steel casing with 
a removable cover. Provisions are made so that 
the transformer will be cooled by the blower 
motor receiving outside air in the intake side 
of the transformer and expelling it through 
the exhaust pipe. An air heater is also pro- 
vided in the bottom of the transformer case. 
The function of the heater is to keep the trans- 
former winding dry when idling. 

The furnace transformer is also equipped 
with a winding temperature indicator gage illus- 
trated in figure 5-3. The principle of operation 
of this device is to duplicate the temperature 
of the hottest point in the transformer winding. 
When 130? C is reached on the temperature 
indicating gage, the transformer will cause the 
knife switch on the panel board to trip out and 
an alarm bell will ring. The power panel knife 
switch will continue to trip out when engaged, 
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Figure 5-3.— Transformer for rocking indirect- 
arc furnace. 


if the temperature of the transformer winding 
remains at 130° C or above. Overheating of 
the transformer is normally caused by operating 
the furnace in excess of its recommended cur- 
rent value. 

Variable reactance is provided in the furnace 
transformer primarily for the dual purpose of 
stabilizing the arc and limiting the current 
to a specified value. The REACTANCE CON- 
TROL on the transformer is shown in figure 
5-3. The handwheel secured to a shaft in the 
top cover can be turned to vary the reactance, 
which is the TOTAL resistance in the electrical 
circuit. Turning the handwheel in the clock- 
wise direction increases reactance; turning it 
in the counterclockwise direction decreases re- 
actance. Approximate reactance can be read 
from a scale on the front of the transformer. 

The most effective results are obtained when 
the furnace is operated at approximately its 
rated power input with the reactance set at a 
minimum to produce a sharp clear arc and a 
suitable stability at the proper power input. 

The exact reactance setting cannot be speci- 
fied, because of variance in electrical circuits. 


Watch the arc during furnace operation. If it be- 
comes smoky and sluggish, decrease the react- 
ance. If it is unstable and wild, increase the 
reactance. Remember that the power factor de- 
creases with anincrease in reactance percentage, 
and additional reactance must be used when a 
furnace is operated at a low power input rate. 

Referring again to figure 5-1, notice the 
two ELECTRODE BRACKETS extending outward 
from the center of the furnace sidewall. One is 
the manual electrode bracket, the other is the 
automatic electrode bracket. These devices hold 
the carbon electrodes in proper position, as 
well as provide a means for moving the elec- 
trodes in or out of the furnace. Each bracket 
is also provided with electrical connections 
through which current, led in by cables from 
the electrode regulator panel, passes to the 
electrodes. The brackets also have a water 
connection for circulating cooling water through 
the electrode clamps. Always make sure the 
cooling water is turned on before lighting off 
the furnace. This will prevent damage caused 
by heat to the electrode brackets sometimes 
called electrode clamp assembly. The cooling 
water, after circulating through the electrode 
clamp assemblies, should not exceed 200°F at 
the discharge outlet. 


The manual electrode bracket holds one elec- 
trode in a fixed position during furnace opera- 
tion, while the automatic bracket provides in- 
and-out movement to the other electrode. The 
electrode in the manual bracket is adjustable, 
but its position is altered only when the power 
circuit to the furnace is open. (An open circuit 
is one through which the current does not pass.) 
On the other hand, the electrode in the auto- 
matic bracket is adjusted continuously during 
furnace operation. Adjustments to the electrode 
in the automatic bracket are made by an electric 
motor; whereas, adjustments made to the elec- 
trode in the manual bracket are accomplished 
by hand. 


All adjustments to the movable electrode 
can be made automatically, but adjustments may 
also be made manually. A balance handle on 
the automatic bracket is used to change the 
action of the adjusting motor from automatic 
operation to manual operation. When the balance 
handle is pushed in, the motor is connected for 
automatic electrode adjustment. When the handle 
is pulled out, the motor is connected for manual 
adjustment. Usually, manual adjustment is em- 
ployed when the electrode is run out at the 
end of a heat, or when it is run in to strike 
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the arc. The reason for utilizing manual opera- 
tion is this: Electrode movement is more rapid 
when adjusted manually and is, therefore, less 
time consuming. However, automatic adjustment 
is always used after the arc has been struck 
and the furnace is operating. 

ELECTRODES for indirect-arc rocking fur- 
naces are made from graphite. They are 40 
inches long and either 3 or 4 inches in diameter. 
Electrodes 3 inches in diameter are used in 
type LFC furnaces, while electrodes 4 inches 
in diameter are used in type LFY furnaces. 

Electrodes are so constructed that individual 
lengths can be easily joined, Each end of the 
electrode is bored and threaded with straight 
flat-top female threads into which a similarly 
threaded nipple may be inserted. When a suitable 
nipple (see figure 5-4) is screwed into one end 
of an electrode, another electrode section may 
be attached. 

Joining electrode sections requires the use of 
electrode tongs to insure firm contact. However, 
when using tongs, excessive force must be avoided 
or the electrode will break. Caution must also 
be exercised when the electrode is secured in 
the electrode clamp. True, а firm contact between 
the clamp and the electrode is essential, but 
the use of a wrench is not necessary to provide 
that contact. In fact, stripped clamp-screw 
threads may result if a wrench is used. Here 
is another important point: Avoid gripping the 
joint area of two electrode lengths in the clamp. 
If this is done, the result may be a reduced area 
of electrical contact or a broken nipple. 


Variable Rocking-Control Station 


The VARIABLE ROCKING-CONTROL STA- 
TION provides for manual and automatic control 
of the furnace rocking mechanism. In addition, 
it provides pushbutton control for tilting the 
furnace barrel when the "heat" is ready to 
pour. Manipulation of the rocking controls is a 
bit more complex than the controls previously 
described. However, mastering the rocking- 
control procedure is no more difficult than 
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Figure 5-4.— Electrode and nipple for the in- 
direct-arc furnace. 
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setting the load-adjusting rheostat, if you follow 
the proper sequence. Two things may help you 
master this sequence: (1) a knowledge of the 
controller's basic functions; and (2) a knowledge 
of proper sequence. 

Rocking-control devices may be subdivided 
into four groups: (1) devices for energizing the 
circuit; (2) devices for manual operations; (3) 
devices for semiautomatic and automatic oper- 
ations; and (4) devices for automatically in- 
creasing the degree of rocking angle ata variable 
but constant rate. 

With the exception of the first group, all 
devices for controlling furnace rocking are 
located on the variable rocking-control panel. 
Before the panel controls can function, however, 
the rocking-motor circuit must be energized. 
To place the electrical circuit in an energized 
condition, certain switches other than those 
located on the panel must be closed. This first 
group of controls consists of the rocking-motor 
power switch (usually located on a convenient 
bulkhead), the emergency switch (located in 
the contactor box mounted near the power switch), 
and the no-voltage-control pushbutton (located 
on the variable rocking controller near the 
automatic rock switch, but not visible in figure 
5-5). These three devices in the first control 
group serve only to place the rocking circuit 
in condition for operation. 

The principal station for furnace rocking 
control is shown in figure 5-5. On the panel, 
you’ll notice the several controls which make up 
the remaining control group. Group two consists 
of the forward and reverse buttons of the portable 
pushbutton station. Group three consists of the 
rocking-center knob, the constant rocking-period 
knob, and the automatic-rock switch. Group 
four consists of all controls included in group 
three, plus the selector handle and the selector 
notches. From the above, it is apparent that 
as rocking control progresses from manual to 
fully automatic operation, more and more con- 
trols are utilized. 

Before going into the procedure for operating 
the furnace rocking mechanism controls, a de- 
scription of the several component parts may 
help you gain an understanding of the variable 
rocking controller. After the description, we 
will present the step-by-step procedure for 
rocking the furnace. However, before you try 
to operate the rocking mechanism on your own, 
have someone in the shop show you how it's 
done. 

The PORTABLE PUSHBUTTON CONTROL 
(control group two), as its name implies, can 
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Figure 5-5.— Variable-rocking control panel. 


be removed from its resting place onthevariable As soon as pressure on the button is released, 
controller panel. It is sufficiently portable to rotation will cease because a magnetic brake 
permit the operator to move to an advantageous on the rocking motor prevents coasting. If both 
position so that he can observe the furnace buttons are depressed at the same time, however, 


spout during the pouring operation. the furnace shell will not move. 
Assuming that the rocking circuit is ener- 
gized, and that all other controls on the variable With the portable pushbutton controller, the 


rocking controller are inoperative, the furnace furnace shell can be rotated through an arc of 
may be moved in a forward or reverse direction 270 degrees. Further, the shell may be ''inched" 
by holding in the proper pushbutton. The top forward by depressing the FORWARD button 
button — marked FORWARD —is depressed to momentarily. Finally, the only way the shell 
rotate the barrel in a forward direction. The can be inverted (charging door on the bottom) 
lower button— marked REVERSE — is depressed for draining is to rotate the barrel forward with 
to rotate the barrel in the opposite direction. the pushbutton controls. To accomplish these 
Movement in either direction will occur only three functions, the automatic-rock switch must 
while one of these control buttons is held in. be in the OFF position. 
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As previously outlined, control group three 
consists of the automatic-rock switch, the 
rocking-center knob, and the constant rocking- 
period knob. The AUTOMATIC-ROCK SWITCH 
is similar to a domestic light switch and serves 
only to open or close the automatic-rocking 
circuit, When this switch is OFF, the shell can 
be rotated only from the portable pushbutton 
station. When the automatic-rock switch is ON 
(again we are assuming that the rocking-motor 
circuit is energized) the shell will rock back 
and forth indefinitely. While so rocking, the 
direction of oscillation at any given instant may 
be changed, if so desired, by depressing the 
appropriate button on the portable push-button 
control. 

The function of the ROCKING CENTER is to 
synchronize the variable controller panel with 
the furnace shell and thus establish a center 
or point about which the shell will oscillate. 
To make this controlling adjustment, revolve 
the furnace barrel pouring spout to the desired 
center point of oscillation, using the portable 
pushbutton control. Then, depress the rocking- 
center knob and rotate the rocking-center pointer 
and align the pointer with the rocking-center 
index mark located on the controller housing 
(see fig. 5-5). Now, assuming that you adjusted 
the rocking-center knob pointer with the index 
mark when the pouring spout was pointing straight 
up, the shell, when the automatic rock switch 
is on, wil rock through an arch having an 
equal number of degrees on each side of the 
spout’s original starting position. The number 
of degrees the shell will rock on each side of 
the established center depends on either the 
limit switches, or on the setting of the range 
pointer (see figure 5-5). Do not depress the 
rocking-center knob while the furnace is rocking. 
If you do, a new center of rock will be estab- 
lished. 

Although the combined LIMIT and OVER- 
TRAVEL SWITCHES are not opened and closed 
by the furnace operator, they are a most im- 
portant part of the furnace rocking-control sys- 
tem. These switches are mounted on the furnace 
base and are controlled automatically by a cam 
attached to the ring track. 

Limit and overtravel switches provide safe 
limits within which the shell may rock without 
spilling molten metal. When the furnace is auto- 
matically oscillating at ‘full normal rock,'' 
the limit switch reverses the direction of shell 
rotation when the cam hits the limit switch 
lever. In the event that the limit switch fails, 
the shell will continue to rotate in the same 
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direction until a second position of the cam 
moves the limit switch lever down a little 
farther. When this occurs, rocking will cease 
because the lever actuates an overtravel switch 
which automatically opens a safety contactor 
in the rocking-motor circuit, completely de- 
energizing the circuit. 

If the overtravel switch is actuated bythe ring 
track cam while the rocking controls are set on 
automatic, the furnace cannot be further rotated 
because the electrical circuit is inoperative. 
To re-energize the circuit and rock the furnace 
automatically again: (1) place the automatic 
rock switch at OFF, and (2) momentarily de- 
press the no-voltage-protection button. Then 
(3) depress the appropriate button on the portable 
pushbutton controller and rotate the barrel so 
that the pouring spout is in a position within 
the normal rocking range. Returning the auto- 
matic-rock switch to ON will again rock the 
furnace automatically. 


Now currently installed on some of the rock- 
ing furnaces is an automatic safety stop assembly 
illustrated in figure 5-1. The automatic stop 
assembly serves the same functions as the 
overtravel switch, however, the automatic safety 
stop assembly is more reliable. For detailed 
information concerning the automatic safety stop 
assembly, refer to your manufacturer's tech- 


nical manual. 


By adjusting the CONSTANT ROCKING- 
PERIOD KNOB, a predetermined degree of rock 
may be established. For example, if the knob 
is turned so that the range pointer is at any 
figure on the range dial, other than OFF (say 
20), and the automatic-rock switch is on, the 
furnace will rock indefinitely through a range 
of 20 degrees. The rocking range may be in- 
creased by turning the knob farther to the right. 
(To turn this knob, however, the selector handle 
must be OFF. When the selector handle is ina : 
notch other than OFF, the constant rocking period 
is not free to turn unless the knob is pushed in.) 
When the range pointer indicates full rock, the 
limit switches previously described control the 
number of degrees through which the furnace 
rocks. 


The controller panel is so designed that the 
angle of rock may be varied automatically (con- 
trol group four) at a constant rate by using 
the constant rocking-period knob in conjunction 
with the SELECTOR HANDLE. By setting the 
selector handle in one of the selector notches, 
the furnace rocking angle may be increased 
automatically at constant speed. To change the 
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selector-handle .setting, the constant rocking- 
period knob must be held down. 

You may recall that the furnace shell will 
rock through a given range so long as the range 
pointer is in the same location and the automatic- 
rock switch is on. You may also recall that the 
angle of rock may be increased by manually 
adjusting the constant rocking-period knob so 
that the range pointer is moved farther to the 
right. Now, the angular degree of rocking may 
be increased automatically at a given speed 
by setting the selector handle in one of the 
numbered notches (see figure 5-5). In other 
words, with the range pointer of the constant 
rocking-period knob at ''20,'' the selector handle 
in one of the notches, and the automatic-rock 
switch at ON, the furnace will automatically 
increase its angular degree of rocking from 20 
degrees to "normal full rock" at a constant rate 
of increase. If the selector handle is set at notch 
''6," the speed of increase in rocking angle is 
slow; when it is set at ''1,'" the speed of in- 
crease is fast. The intermediate notches pro- 
vide a rate of rocking range increase between 
Slow and fast. When rocking the furnace through 
the use of the. constant rocking-period knob and 
the selector handle, the furnace is being rocked 
with ''automatic increase controls.'' 

By properly manipulating the constant rocking- 
period knob, the functioning of ''automatic in- 
crease,'' as controlled by the selector handle, 
may be delayed for a definite but variable 
period. Take another look at figure 5-5. Note 
particularly the ''windows" in the constant rock- 
ing-period knob, and the numerals above the 
windows on the face of the knob (3, 2,and1 
above the left window; 4, 5, and 6 above the right 
window). These numerals represent similar num- 
bers on the selector notches. Now, looking 
through the windows, notice the dial underneath 
the constant rocking-period knob. On the dial's 
face is stamped a series of numbers and the 
words ''automatic increase." The numbers on 
the dial represent time in minutes; the words 
indicate that the variable rocking controller is 
functioning to increase the shell rocking angle 
automatically. 

At all times, either numbers or the words 
"automatic increase" are visible through the 
windows. Whether words or numbers are visible 
depends on the adjustment of the constant rocking- 
period knob. When the words ''automatic in- 
crease" are visible, and the selector handle 
is in one of the numbered notches, automatic 
increase of furnace rocking angle begins im- 
mediately. On the other hand, when numbers are 


visible through the windows, automatic increase 
of the rocking angle is delayed for a definite 
time. The amount of delay, of course, depends 
on the adjustment of the constant rocking-period 
knob and the setting of the selector handle. 

For example, suppose a 15-minute period 
of constant rocking at a 20-degree angle of rock 
is desired before an automatic increase in 
rocking angle begins. The first adjustment is 
set the range pointer at ''20."' (This setting was 
described in a preceding paragraph.) Then, hold 
in the constant rocking-period knob and set the 
selector handle in one of the notches — ''4" will 
do. While holding the constant rocking-period 
knob in, rotate it until the number 15 appears 
in the window under the number representing 
notch ''4," Assuming that other adjustments — 
energizing the rocking-motor circuit, establish- 
ing the rocking center, and placingthe automatic- 
rock switch at ON — have been made, the furnace 
will rock constantly at a 20-degree angle of 
rock for 15 minutes. After that period of time 
has elapsed, the words "automatic increase'' 
appear in the window and the rocking angle will 
then increase progressively from 20 degrees 
to full normal rock. 


Now, notice the table on the variable con- 
troller name plate. This table lists the time in 
minutes to reach full normal rock from various 
Starting conditions. The numbers in the left- 
hand column represent the selector notches. 
The upper horizontal row shows various starting 
positions. The numbers 20, 40, and 60 represent 
the range-pointer setting. The remaining verti- 
cal columns indicate the approximate time re- 
quired for the furnace to reach normal full rock 
from various starting conditions and selector- 
handle settings. This time does not include any 
delay that may have been provided. Neither is the 
reading accurate. It is merely an approxima- 
tion of time that will elapse between the appear- 
ance of ''automatic increase'' in the window 
and full normal rocking. 


From the foregoing, it is apparent that the 
furnace shell may be moved in any one of three 
Ways: (1) with the automatic-rock switch OFF, 
the furnace may be moved forward or reversed 
by operating the portable push-button control; 
(2) with the automatic-rock switch ON, and the 
constant rocking-period knob adjusted so that 
the range pointer points to a number on the 
range dial, the shell may be rocked indefinitely 
through any given range; and (3) the shell may 
be rocked from a given starting position through 
a variable but constantly increasing angular 
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degree of rock to normal full rock by setting 
the automatic increase controls. 

An inexperienced operator should first learn 
to operate the rocking mechanism with a cold, 
empty furnace. In other words, all fürnace 
electrical circuits, except the rocking-motor 
power circuit, should be open. Further, a novice 
at electric-furnace operations should receive 
personal instruction from an experienced oper- 
ator. By way of review, and also as an effort 
to clarify the operation of the variable rocking- 
control station, a brief step-by-step procedure 
is outlined below. 

With all electrical circuits open, and all 
furnace rocking controls off, the procedure for 
setting the rocking mechanism in motion is as 
follows: 


1. Energize the rocking-motor circuit. To 
accomplish this, close the rocking-motor power 
switch, place the emergency switch in the ON 
position, and momentarily depress the no- 
voltage-protection pushbutton. 

2. From the portable pushbutton station, ro- 
tate the shell so that the spout is in a suitable 
position. (Either pointing straight up, or at 45 
degrees forward of the vertical position.) 

3. Set the rocking-center pointer on the in- 
dex mark. 

4. With the words ''automatic increase'' ap- 
pearing through the window, adjust the range 
pointer of the constant rocking-period knob to 
the desired beginning angle of rock— usually 
120, !! 

5. Set the selector handle in one of the 
selector notches. If a delay in automatic in- 
crease is desired, that delay is set at this 
time. 

6. Place the automatic-rock switch in the 
ON position. The furnace will oscillate back 
and forth and will finally reach full rock. 


After the shell has oscillated at normal full 
rock for a suitable time, the pouring spout is 
brought into pouring position in the following 
manner: (1) Place the automatic-rock switch 
at OFF; and (2) with the forward button on the 
portable pushbutton station, inch the shell into 
pouring position. Use the reverse button to 
elevate the pouring spout and, thus, stop the 
flow of molten metal; or, to return the spout 
within the normal rocking range. To again re- 
sume automatic rocking, turn the automatic 
rock switch on. 

As you no doubt remember, the portable 
pushbutton station is operative while the furnace 
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is rocking automatically. And, if so desired, 
it may be used to reverse the direction of 
rocking at a given instant by momentarily de- 
pressing the appropriate pushbutton. However, 
the portable pushbutton cannot be used to rotate 
the shell into the pouring range while the auto- 
matic-rock switch is on. If the forward or 
reverse pushbutton is held down during auto- 
matic rocking for a long enough time, the shell 
cam will cause the overtravel switch to open 
(de-energize) the electrical circuit. Therefore, 
the automatic-rock switch must be off befove 
attempting to rotate the shell into the pouring 
range. 


OPERATION AND 
MAINTENANCE 


Once you have learned how to adjust the 
various controls on the power panel, the trans- 
former, and the furnace rocking mechanism, 
you will find it a fairly simple matter to control 
the other factors that enter into successful oper- 
ation of an electric furnace. These additional 
factors are preheating and charging the furnace, 
proper maintenance of the furnace lining, and 
lubrication maintenance. 


In order to preheat the furnace prior to 
charging, the following steps are given as a 


guide: 


1. Located adjacent to the electrode regu- 
lating and power panel, close the rocking motor 
power switch and the rocking motor emergency 
switch (not illustrated). 

2. Depress the no-voltage-protection push- 
button located on the variable rocking control 
station (not illustrated), then, using the portable 
pushbutton control, rotate the barrel, if required, 
to a position so that the electrodes may be in- 
stalled. 

3. Insert and clamp two carbon electrodes 
in the electrode bracket. Position the manual 
electrode approximately 1-1/2 inches past the 
center of the furnace barrel. Adjust the automatic 
electrode so that there is approximately 1/2- 
inch clearance between the tips of the electrodes. 

4. Circulate the cooling water (not illus- 
trated). (This practice should be adhered to at 
all times prior to starting the furnace). 

5. set the rocking-center pointer on the index 
mark discussed previously. Rotate the constant 
rocking-period knob until the range pointer is 
in the off position; this indicates a full normal 
rock. 


MOLDER 3 & 2 


5——€———————— GEI Ó——————M————— a 


6. Close the d-c electrode motor power 
switch (not illustrated), and depress the manual 
electrode motor control pushbutton. 

7. Close the transformer blower motor and 
heater switches (not illustrated), and turn the 
remote control blower motor switch on, which 
is indicated by lights on the electrode regulating 
and power panel. 

8. Close the power panel knife switch (not 
illustrated), At this time, the arc circuit indi- 
cating light will glow. 

9, Pull out the automatic electrode hand 
crank, if required, and advance the electrode, 
by turning the hand crank, until it makes con- 
tact with the stationary electrode, and strikes 
the arc. Then, rapidly withdraw the electrode, 
by turning the hand crank in reverse direction 
until the kilowatt input meter on the electrode 
regulating and power panel shows the desired 
input rate. (Difficulty may be experienced in 
obtaining the desired, steady input on a cold 
lining when the furnace is started. Therefore, 
hand adjustment of the automatic electrode may 
be made until the input does not fluctuate ex- 
cessively.) 

10. Push the automatic button on the panel, 
and make the necessary adjustments with the 
load-adjusting rheostat, if required. On automatic 
control, the furnace unit tends to stabilize itself 
at the proper input. 

11. Place the automatic rock switch in the 
ON position. 


PREHEATING a cold furnace requires about 
80 kilowatthours for an LFC furnace, and about 
115 kilowatthours for an LFY furnace when 
melting a heat of cast iron. The lining should 
preferably be preheating to the pouring tempera- 
ture of the alloy to be melted; in any event, 
it should be brought to a brightredor a yellowish 
heat. If the furnace is already warm, less 
power input will be required. It is best never 
to charge a cold furnace; this will not only 
lengthen the melting time, but will also produce 
an inferior melt, 

CHARGING the furnace should be done with 
the furnace door within 45? of top center. This 
will be the position in which you will want the 
spout when you establish the rocking arc. The 
electrodes should be withdrawn until their tips 
are flush with the inner wall of the furnace, 
to prevent their being damaged during charging. 

Mixing of the metal is an important feature 
of the rocking furnace. The first pieces to be 
charged will be the so-called foundry returns — 
that is, the gates and risers from previously 
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made castings. If borings are used, they should 
be added at this point. They will filter down 
through the foundry returns, and give a more 
compact charge. Ingots are added last of all. 
The heaviest pieces are always charged to the 
rear of the barrel. Most of the completed charge 
should lie to the rear of the barrel, so that 
electrode safety will be ensured even with a 
large angle of rock. Charging must be done 
as rapidly as possible, to prevent any excessive 
loss of heat from the lining, and the rated 
capacity of the furnace must not be exceeded. 

After charging the furnace, adjust the elec- 
trodes in the center of the furnace as previously 
mentioned. This provides for electrode ''burn 
off'' during the melting cycle. Since ''burn off'' 
may be as much as 4 inches in extreme cases, 
this electrode setting assures that the arc is 
located near the furnace center throughout the 
heat for normal operating conditions. 

After adjusting the electrode, check all fur- 
nace controls to assure yourself that they are 
properly adjusted. Then, close the main power 
knife switch. 

If, during the progress of a heat, the arc 
breaks and does not become reestablished after 
you have run your electrode in two or three 
inches, stop and investigate. An electrode may 
be broken. A broken electrode can be replaced 
in a few minutes. Failure to replace it may 
result in a burned out end wall. Further, if the 
broken electrode remains in ferrous alloy 
melts, carbon pickup will occur and the result 
wil be an off analysis of the ferrous alloy. 
It is important to learn whether the breakage 
has occurred in the automatic or manual elec- 
trode bracket or both, in order that proper re- 
placement may be made and the electrode arc 
be positioned near the center of the furnace. 
Failure to maintain the arc near the center 
of the furnace will damage the refractory end 
wall. 

If an electrode breakage should occur, deter- 
mine which electrode is broken by disconnecting 
the main power knife switch; then, insert a 
steel rod through the furnace spout in order 
to '"feel' the position of the electrodes. The 
"feel" method is suggested on the assumption 
that fumes in the furnace will make it im- 
possible to immediately see the electrodes. 
If the manual electrode only is broken, it should 
be withdrawn and replaced with a new elec- 
trode. The automatic electrode, previously with- 
drawn a few inches to make room for the new 
position of the manual electrode, can now be 
run in to center the arc. If, on the other hand, 
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it has been found that the automatic electrode 
is broken, the manual electrode should not be 
moved, and a new electrode should be inserted 
in the automatic electrode bracket. If both elec- 
trodes are broken, replace the manual electrode 
first, and then replace the automatic electrode. 

If, because of electrode breakage or for any 
other reason, it is necessary to remove the 
electrode completely from the furnace ports, it 
is important, before doing so, to rock the fur- 
nace to a point where the spout opening will be 
higher than the level of the electrode ports, 
in order that fumes in the furnace will escape 
from the furnace spout opening rather than 
through the open electrode ports. 

Observe the charge periodically during the 
melting cycle, to make sure that it is melting 
satisfactorily. Initially, a molten pool of metal 
should collect under the arc. As the angle of 
rock increases, this pool will wash over the 
rest of the charge, and speed up the melting 
process. One distinct advantage of the rocking 
feature is the absorption of heat by the charge 
from the refractory lining. Thus, it is obvious 
that reaching full normal rock as quickly as 
possible will result in rapid melting, more uni- 
form melt, lower power consumption, increase 
in refractory life, and a decreased melting 
loss. Actual settings of the SELECTOR SWITCH 
and CONSTANT ROCKING-PERIOD KNOB can 
best be determined through experience and will 
depend upon the physical position of the charge 
in the barrel. When the charge is completely 
molten, a close check should be kept on the 
temperature; either an immersion or an optical 
pyrometer is used, depending upon the metal 
being melted. Any slag or dross that may have 
formed will make accurate temperature deter- 
mination difficult, 

Tapping should not be delayed once the proper 
temperature has been reached. When the charge 
has melted down and is ready to pour, with- 
draw the automatic electrode, using the hand- 
crank, an inch or two, thus breaking the arc. 
As the electrode is withdrawn, the indicating 
kilowatt-meter will register a decreasing power- 
input rate and will register zero when the 
arc is broken. However, the furnace may be 
operated throughout the tapping operation atia 
reduced power input, thus maintaining sufficient 
temperature during the tapping period. Place the 
automatic rock switch in the OFF position, 
and use the portable pushbutton controls to tilt 
the furnace through the pouring stage. A dried, 
preheated ladle must be used for tapping the 
molten metal. 
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Securing the furnace is done after the molten 
metal has been completely drained off. Remove 
the charging door, and roll the furnace shell 
completely over (using pushbutton control), until 
the charging door opening is directly underneath. 
Rock the shell back and forth to drain out slag 
and dross; if necessary, apply the arc for a 
few minutes. Then, return the barrel to its 
original charging position. Remove any slag 
from the spout, and repair by hot patching if 
necessary. 

When the electrodes are withdrawn at the 
end of a day's heat, it is well to loosen the 
electrode holder clamps and move the electrode 
back and forth in the electrode ports, with the 
electrode tongs, turning the electrode in a clock- 
wise direction in order not to loosen the nipple 
joint. This movement of the electrode will tend 
to clear the port of any obstruction and prevent 
binding. This is especially desirable when melting 
nonferrous alloys in order to clear the port of 
any accumulation of zinc oxide which might 
otherwise freeze and prevent subsequent move- 
ment of the electrode. Further, this may require 
the use of the port hole reamer to remove zinc 
oxide. Frequently, when melting ferrous alloys, 
slag or drops of molten metal will work into 
the ports and solidify. Finally, there is a tendency 
for the ports to tighten up with usage. There- 
fore, the electrode should be moved back and 
forth at the end of each day's heat and, if neces- 
sary, the port holes reamed with a port hole 
reamer. 

To prevent the furnace shell from leaving 
the base of the furnace structure in a heavy sea 
or when subjected to nearby severe explosive 
forces, the shell may be locked in position as 
described in the following steps. 


1. Place the Automatic Rock ON and OFF 
Switch in the OFF position and momentarily 
push the No-Voltage Protection Switch Button. 

2. Hold down the Forward Portable Push- 
button and rotate the shell forward until the 
two rear shell hooks engage the drive shaft. 

3. Slide the two locking pins, located at the 
front of the furnace base, into the shell eye 
plates. 


With the shell in the locked position, the 
charging door is down in the drainage position, 
the safety overtravel switch is held open, and 
the automatic rocking controls are inoperative. 
Should the portable pushbuttons be accidentally 
pressed when the shell is LOCKED, no harm 
will result. 
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Refractory Maintenance 


À carefully maintained lining is essential 
for the production of quality metals and prolongs 
the life of a lining. A ''choked'' arc will result 
if slag and dross are allowed to accumulate in 
a lining, or a patch is allowed to be placed over 
a Slag area. 

Slag should be removed from the furnace 
at the end of each heat. When small patching 
is required, it is normally done the following 
morning while the furnace is still warm enough 
to expel the water in the patch. However, the 
furnace spout should be patched while the furnace 
is still hot since the spout is on the outside 
of the furnace charging door. Repair the furnace 
refractory lining by coating the area to be 
patched with a slurry of fire clay wash (refractory 
cement) and patch any worn or broken spots 
using a refractory patch of the same type as 
the lining itself. Surface patches are frequently 
ineffective. Therefore, deep patch whenever 
possible, keying the patch in place thoroughly. 
Then, coat the furnace lining with a thin slurry 
of fire clay wash by applying with a brush. 
Coating with fire clay wash will fill in small 
cracks and prolong the life of the lining. 

When small areas of the furnace refractory 
are patched, special preheating precautions are 
not required. However, if large deep patching 
is required, preheat the furnace slowly to prevent 
cracking and spalling of the lining. 

Under normal operations, port sleeves will 
require reaming about every three days of oper- 
ations. Port sleeves should be inspected daily 
and, if necessary, patched with alundum cement 
and reamed to insure a tight electrode fit, 
without binding. 


Lubrication Maintenance 


At the printing of this Rate Training Manual 
(1969), planned maintenance requirements had 
not been established under the 3-M System for 
electric rocking furnaces. (See Military Re- 
quirements for Petty Officer 3 & 2, NavPers 
10056-C.) Therefore, you will have to refer 
to your manufacturer’s technical manual to de- 
termine what lubrications are required and when 
the lubrications should be performed. However, 
as a guide, a brief description of those parts 
that require lubrication and when to perform 
lubrication are given below: | 


1. The reduction gear, located on the base 
and at the rear left hand side of the furnace, 
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should be maintained with gear oil filled to 
the level plug located on the side of the gear 
housing. Inspect oil level once a month and, 
if required, add oil. Use military symbol 3100, 
S.A.E, No. 90W oil. 

2. Maintain the automatic electrode control 
gear box with one quart of gear oil. The level 
is not important as this unit rocks with the 
furnace and lubricant is well distributed. Use 
military symbol 3100, S.A. E. No. 90W oil. 

3. The variable rock controller housing oil 
level should be inspected once a month. The 
oil plug, located in the front side of the rock 
controller housing, is used as the level indi- 
cator. Another plug, located between and below 
the rocking center and constant rocking-period 
knobs, is removed to fill the rock controller 
housing with oil up to the oil level plug. In 
addition, the oil should be changed every six 
months. The drain plug is located inside the 
bottom sheet metal cover of the rock con- 
troller housing. Remove the two wing nuts which 
hold the bottom sheet metal cover in place. 
The drain plug is located in the small bottom 
cover beside the rock controller feed motor. 
After draining the oil, refill the rock controller 
housing with military symbol 9110, 20W. oil. 

4. The four-flanged roller, located on the 
base of the furnace, should be greased weekly 
during daily operation. 

5. Instructions for lubricating the reduction 
gear on the ''master'' rocking motor can be 
found on a tag attached to the bayonet oil guage. 


Electrical maintenance is required on the 
indirect-arc rocking furnaces; however, you will 
not perform this maintenance. For example, 
the rock controller motor requires oiling every 
two months; the electrode control motor requires 
disassembly, cleaning, and greasing annually; 
and the electrode regulating and power panel 
requires frequent cleaning. This and other elec- 
trical maintenance will be performed by an 
Electrician's Mate. Do not oil, clean, or make 


any repairs to electrical equipment. 


ROCKING ELECTRIC-RESISTOR 
FURNACE, TYPE NR-2 


Another furnace frequently installed aboard 
repair ships and tenders is the type NR-2 
electric-resistor furnace. The operating char- 
acteristics of the resistor furnace are different 
from those of the indirect-arc furnace. The 
indirect-are furnace melts with a heat which 
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is produced by the electric arc between elec- 
trodes. The NR-2 furnace produces the heat 
for melting by using continuous carbonresistors. 
The electric current passing through the re- 
sistors causes them to become heated to temper- 
ature sufficient to melt the charge. The principal 
is the same as that of an electric toaster. 


CONSTRUC TION 


In many respects, the NR-2 is identical to 
the furnace discussed in the preceding section. 
For example, their bases are identical. Also, 
their rocking mechanisms and their variable 
rocking-control and portable pushbutton stations 
are the same, In fact, an uninformed observer 
would probably fail to distinguish between the 
two furnaces; especially, since their exterior 
appearance is so nearly alike. However, im- 
portant differences do exist as we will point 
out in following paragraphs. But first, study 
figure 5-6, which illustrates the electric-re- 
sistor furnace. Then, compare the resistor fur- 
nace with the indirect-arc furnace shown in 
figure 5-1. 
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Having made a careful comparison, you have 
no doubt noticed that between the resistor and 
indirect-arc furnaces a difference in exterior 
appearance does exist. This difference, of course, 
lies in the design of the electrode brackets. 
Ag you may recall, both the manual and auto- 
matic brackets on the indirect-arc furnace pro- 
vide support and a means for moving a single 
electrode section into the furnace from each 
side. On the other hand, both brackets on the 
resistor furnace support and provide the means 
for adjusting two electrode sections on each 
side of. the furnace. Where the indirect-arc 
furnace has one electrode clamp on each elec- 
trode bracket, the resistor furnace has two 
clamps on each bracket. Because oftheir parallel 
arrangement, however, only the forward of the 
two clamps on each bracket is visible in figure 
0-6. 

Between the two furnace types, other dif- 
ferences are also apparent; notably, the manner 
in which electrical energy is conducted to the 
electrode clamps, as well as the large number 
of cooling water circulating lines. The difference 
in the arrangement of power supply is due to 
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Figure 5-6.— Rocking electric-resistor furnace. 
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fferences in furnace heating elements. There 
also a difference in the number and arrange- 
ent of cooling water circulating lines because 
ore areas are water-cooled in the NR-2 furnace. 
this latter furnace, the electrode ports in 
e furnace sidewalls are water-cooled as well 
; the electrode brackets. 

Since the type of heating elements and the 
(sign of electrode brackets are different, the 
rnace operator must familiarize himself with 
somewhat different electrode-bracket manipu- 
tion and electrode-installation technique. Be- 
re discussing the installation of electrodes, 
wever, lets look at the electrodes them- 
>lves. 

Electrodes for both the NR-2 resistor and 
e indirect-arc furnace are made from carbon. 
ut the electrodes shown in figure 5-7 are quite 
fferent from those illustrated in figure 5-4. The 
2ating element for the resistor furnace has 
ree distinct parts: the terminal, the male 
>sistor, and the female resistor. Each NR-2 
irnace utilizes four terminals, two male re- 
istors, and two female resistors. The ter- 
inals are 4 inches in diameter and 18-3/8 
iches in length. One end of the terminal has 
1 internal female thread into which the ex- 
rnally threaded end of either a male or female 
2sistor may be secured. 

Both the male and female resistors have a 
ody diameter of 1-3/4 inches, and both have 
imilar external threads on one end. But here 
eir similarity ceases. The male resistor has 

conical point formed on the end opposite 
е external threads, while the female resistor 
is an internal conical depression on this end. 
here is also a slight difference in overall 
ngth. Male resistors are 12-5/8 inches long, 
hile female resistors are 12-9/16 inches long. 
eedless to say, when the heating elements 
re installed in the furnace, the ends of the 
ale and female resistors fit snugly into each 
Der, 

In the indirect-arc furnace, heat develops 
, the arc gap, radiates to the metal, if charged, 
id to the furnace lining. The lining reflects 
e heat to the metal charge. Thus, metal is 
(ated by the arc and lining. In the NR-2 furnace, 
е resistance of the electrodes themselves 
‚ the flow of electric current develops heat 
iusing the resistors to become white hot. Then, 
e heat radiates in the same manner as that 
ап indirect-arc furnace. 

Because of the tremendous heat developed 
| the resistors, additional cooling is necessary 
» prevent the terminals from heating outside 
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Figure 5-7. — Electrodes used in the NR-2 
electric-resistor furnace. 


the furnace shell. In both the indirect-arc and 
the resistor furnace, the electrode clamps are 
water-cooled and insulated from the electrode 
brackets. However, of the two furnace types, 
only the resistor furnace has water-cooled elec- 
trode ports. For this cooling purpose, a stain- 
less steel water jacket is built into the NR-2's 
electrode ports. Before you attempt to operate 
either the indirect-arc or the resistor furnace, 
BE SURE THAT WATER IS CIRCULATING 
THROUGH THE COOLING SYSTEM, 


CONTROL STATIONS 


Excepting the furnace rocking mechanism, 
all adjustments to the NR-2 resistor furnace 
may be made from the control and meter panel. 
However, the current value passing to the heating 
elements may be changed by making manual 
adjustments at the furnace transformer shown 
in figure 5-8. Since an understanding of manual 
adjustments of current-input values is essential 
for an understanding of remote-control adjust- 
ments to current-input values, we will first 
present and discuss the furnace transformer and 
its controls. 


The function of the transformer shown in 
figure 5-8 is to step-down the 440-volt, 3-phase, 
60-cycle current delivered by a generator to 
a current value suitable for the heating elements. 
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Figure 5-8.— Transformer for rocking electric- 
resistor furnace. 


Another of its functions is to convert the 3- 
phase current entering the transtormer into 
two single-phase circuits of stepped-down cur- 
rent. One single-phase circuit supplies power 
to one heating element, while the second single- 
phase circuit supplies power to the other heating 
element. The amount of power passing to each 
heating element is controlled by taps. By means 
of these taps the power available for each re- 


sistor may be varied from 15 to 33 volts. 


In the side o- the transformer housing are 
two circular windows through which numerals 
mounted on a circular disc are visible. The 
number visible through the window may be 
changed by turning a shaft extending through 
the housing under the window with a portable 
handwheel (see figure 5-8). Turning the shaft, 
and thus changing the dial number visible through 
the window, changes the position of a drum 


switch. The position of the drum switch deter- 
mines which tap outlet is used and, therefore, 
controls the power input to the heating element 
it serves. Since the numerals on the dial are 
equivalent to the position of the drum switch 
(and likewise the tap), the numerals indicate 
the nominal open-circuit voltage across the 
resistor terminal of the heater element served. 

The voltage may be changed at any time 
desired; whether the transformer is under a 
load or not makes no difference. However, when 
operating the tap-changer drum switch manually 
with the handwheel, it should be positioned by 
feel and sound rather than by centering the 


dial numeral in the circular window. When a 
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particular tap is in accurate position, the oper- 
ator ''feels'' and "hears" the drum switch’s 
position-stop click into place. 

There are eleven positions on each tap- 
changer drum switch. These positions provide 
a range of voltage in steps of 15, 17, 20, 21, 22, 
23, 25, 27, 29, 31, and 33 for each heating 
element. When the handwheel for manual opera- 
tion of the tap changer is not in actual use, it 
should be removed from the shaft extension 
and stored on its bracket. 

The position of either furnace transformer 
drum switch may be changed by remote control. 
This is accomplished by manipulating the appro- 
priate switch (remote control tap-changer 
switches) on the control and meter panel illus- 
trated in figure 5-9. Before proceeding further, 
study the illustration and learn the location of 
all control-panel switches. Ignore, for the 
moment, the meters on the upper portion of the 
panel and concentrate on the  tap-changer 
switches, the solenoid circuit breaker, and the 
primary power breaker. You'll be required to 
manipulate all of these switches when you oper- 
ate the resistor furnace. 

To operate the tap-changer drum switch by 
remote control, the first step is to place the 
solenoid circuit-breaker switch (located on the 
control panel) in the ON or CLOSED position. 
This action energizes the solenoid circuits to 
both tap changers. (A solenoid is merely a coil 
which, when energized, becomes magnetized.) 
With this circuit energized, the solenoids may 
be actuated to turn the drum switch one step 
in either direction by manipulating the appro- 
priate tap-changer switch on the control panel. 
Each tap-changer drum switch in the trans- 
former is provided with a remote-control switch. 
By turning the tap-changer remote-control switch 
in one direction or the other (as indicated by the 
name plate on the panel), the solenoids will 
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Figure 5-9.— Control and power panel for rocking electric-resistor furnace. 


cause the tap changer to raise or lower the voltage 
one step. The control-panel tap-changer switches 
are ''momentary contact switches.'' That is, 
these switches function to close the circuit (thus 
magnetizing the solenoids) only while they are 
held in a closed position. Therefore, to avoid 
breaking the circuit before the solenoid has 
had time to move the tap changer into its 
new position, operate the remote-control tap- 
changer switches on the control panel with a 
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positive, delayed movement. If this switch is 
released before the solenoid has had sufficient 
time to completely move the drum switch to 
the new position, arcing across the drum-switch 
contactor will result. This arcing may result 
in burned contactor elements. 

Mounted on the upper portion of the control 
panel are five meters: one kilowatt-hour meter, 
two indicating kilowatt meters, and two indi- 
cating ammeters. The function of these five 
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meters is to measure current, and thus provide 
the furnace operator with accurate information 
on current value passing to the furnace heate 
elements. | 

The INTEGRATING HOUR METER has one 
large dial whose face is calibrated from 0 to 
300. The meter has an indicating hand which 
may be reset. The function of the meter is to 
measure, in kilowatt-hours, the TOTAL current 
input value through both resistors. The indi- 
cating hand is reset to zero for each operating 
cycle-preheating or melting. It is through the 
proper use of this meter that records of each 
preheat and heat may be recorded so that the 
furnace operation may be duplicated. That is, 
from experience and previous operating records, 
it is possible to predict how many kilowatt- 
hours are required to melt a given amount of 
any type metal. This is helpful in estimating 
the temperature of the metal and when help 
will be required to handle the molten metal. 

. The two INDICATING KILOWATT METERS 
measure the current value in kilowatts at any 
given instant. One kw. meter measures current 
passing through one resistor; the second kw. 
meter measures the current passing through 
the other resistor. Although it is not absolutely 
essential, both resistors should be operating 
at the same input. The actual amount of input 
depends upon the operation involved — whether 
metal is being melted, held at temperature, or 
if the furnace lining is being dried out. For 
melting, the total input indicated on both inte- 
grating hour meters is usually between 125 and 
150 kilowatts. Although the integrating kilowatt 
meter (kilowatt-hour meter) has an indicating 
hand that may be reset, the operator, for the 
most part, merely reads the meters. He does 
not adjust them. 

An INDICATING AMMETER for each resistor 
circuit is also mounted on the meter panel. 
The scales of each meter range from 0 to 4000 
amperes. The value indicated by the needle de- 
pends upon transformer drum switch setting 
and the resistance of the heating element. In 
normal operations, the ammeter’s reading is 
between 3000 and 3500. Do not use an amperage 
over 3800 at the heater element. 


OPERATION AND 
MAINTENANCE 


In the operation of the electric resistor 
furnace, the same attention must be paid to 
lining maintenance and to proper charging as 
in the indirect-arc furnace. Also the cooling 


.back from the carriage stop, 
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water must be circulating in the lines about 
the electrode brackets. 


The sequence for putting a cold furnace into 
operation, drying out a lining, preheating, or 
melting a charge is as follows: 


1. Adjust the resistors and terminals in 
the electrode clamps. Install, if required, re- 
sistors and terminals as follows: | 

a. Thread а FEMALE resistor into each 
of two resistor terminals. 

b. Withdraw the electrode clamps of the 
left electrode bracket as far as possible. Open 
the clamps and place a terminal in each clamp 
So that the outer edge of the terminal is flush 
with the outer edge of the electrode clamp, 
allowing the female resistor and the inner end 
of the terminal to protrude through the furnace 
electrode port. 

c. Close the electrode bracket and tighten 
the wing nut, thus securing the terminal in the 
electrode clamp. DO NOT USE A WRENCH TO 
TIGHTEN THE WING NUT. 

d. Feed the electrode clamps on the left 
bracket IN until the carriage strikes the stops. 

e. Thread a MALE resistor into each of 
two resistor terminals. (Onthe opposite side from 
the female resistors.) 

f. Withdraw the electrode clamps on the 
right-hand bracket about one-fourth of the way 
and open the 
clamps. Install each male resistor and resistor 
terminal by sliding it through the furnace elec- 
trode port until it makes contact with the female 
resistor secured in the opposite bracket. 

g. Without disturbing the carbonresistors, 
adjust the carriage of the right-hand bracket so 
that the outer edge of the clamps is flush with 
the outer ends of the resistors. Then tighten 
the electrode-clamp wing nuts. 

h. Turn the feed handle on the right-hand 
electrode bracket to the right. This procedure 
moves the electrode bracket in, compresses the 
springs in each electrode-bracket carriage, and 
thus provides positive contact under pressure 
at the resistor elements’ conical joint. About 
1-1/2 full turns of the handle will provide the 
necessary pressure. Once the electrodes are 
properly mounted and run to the center of the 
furnace, no additional manipulation or control 
is necessary. 


2. Turn on the cooling water. 

3. Set each tap changer on the transformer 
housing so that the number 15 is visible in 
both windows. (This precaution will increase 
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the life of the resistors as it gives the re- 
sistors a chance to make the best possible 
contact under a low input sufficient to heat 
the resistors allowing them to go through the 
thermal changes.) 

4. Close the 
switches. 

5. Close the primary power switch. 


solenoid circuit-breaker 


The procedure that should follow after step 
5, will vary somewhat according to the purpose 
for which you are using the furnace. In any 
heating operation, this next step must be one 
of increasing the power input to the furnace 
heater elements. 

If the resistors have been used previously, 
the voltage may be raised to insure a 60- to 
80-kilowatt input on each heating element indi- 
cated on the indicating kilowatt meters. The 
average of the two indicating kilowatt meters 
should have a total input of 130 to 150 kilowatts 
one or two minutes after closing the Main Power 
Breaker. However, if the resistors are new, it 
is best to wait about three minutes at a total 
input of 80 kilowatts indicated on both indicating 
kilowatt meters. After three minutes, increase 
the total kilowatts to about 100 or 110 and hold 
this power input for an additional three minutes 
before operating at rated power input (125 to 
150 kilowatts). This practice will prevent dam- 
aging new resistors at the contact. The current 
value, as indicated on each indiciating ammeter, 
Should not be operated above 3800 ampheres. 

The furnace should be preheated to the pour- 
ing temperature of the metal in question. Since 
different metals have different pouring temper- 
atures, the kilowatt-hours required to preheat 
a furnace will vary. In addition, if the furnace is 
cold, that is, a heat of metal was not melted the 
previous day, it will require more kilowatt- 
hours for preheating. Therefore, preheating a 
cold furnace for brass or bronze will require 
about 125 kilowatt-hours as indicated on the 
intergrating kilowatt-hour meter. Preheating a 
warm furnace for brass and bronze will require 
only 60 to 80 kilowatt-hours. 

Before energizing the power circuits by clos- 
ing the main circuit breaker, set the drum switch 
tap-changers on "''15." Then, close the main 
circuit breaker. Operate the remote control 
tap-changer switches to increase the power in- 
put to the heating elements to the desired input 
rate. The adjustment of the rocking mechanism, 
as mentioned for the indirect-arc furnace, is 


the same on both types of electric rocking fur- 
naces. 
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When the ''heat'' reaches the desired temper- 
ature, place the automatic-rock switch at OFF 
and open the primary circuit breaker. Before 
the heat reaches this temperature, everything 
necessary for tapping the furnace and pouring 
the metal should be in readiness. It is not de- 
sirable to hold the.metal at the tapping tempera- 
ture for a long period of time. However, Navy 
foundries seldom handle the entire furnace capac- 
ity at one time. Therefore, frequently, during 
the tapping period, the main circuit breaker 
may be left closed, and the kilowatt input should 
be reduced to a lower input value that will 
just maintain the metal at the tapping tempera- 
ture, thereby avoiding overheating. 

After the last heat of the day has been tapped 
and the furnace drained, it is especially im- 
portant to observe the following steps: 


]. Remove the furnace charging door and, 
with the pushbutton control, roll the furnace 
barrel over until the charging door opening is 
completely underneath. Allow the slag and dross 
to drain out either by rocking the barrel back 
and forth or by applying the power for a few 
minutes. 


2. Run the terminals in and out to prevent 
binding by slag or metallic particles. Then, 
using the electrode tongs provided, loosen the 
terminals in the electrode clamps and see that 
they move freely in the ports. If necessary, . 
ream the port sleeves, using the port hole 
геатег. 


3. Remove the terminals from the furnace 
or withdraw them so that the resistors are flush 
with the refractory end walls. Rotate the furnace 
barrel to about 45? from top center and visually 
inspect the refractory lining. Any slag, dross, 
or broken pieces of refractory should be raked 
out of the furnace with a steel hoe (1/2"' pipe 
about 5 feet long with a curved steel plate 
welded on one end). Any slag remaining in the 
furnace overnight will harden and, if left in 
the furnace, will fuse to the refractory causing 
a progressive build-up of foreign materials, 
reducing the furnace capacity. Slag is more 
easily removed while the furnace is hot. 


4. If necessary, the spout may now be re- 
paired by hot patching. 

5. Replace the charging door on the furnace 
so that it will cool down slowly. 


6. Continue to circulate water through elec- 
trode clamps if the terminals are left in the 
clamps until the furnace lining has cooled down. 
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The maintenance required on the NR-2 fur- 
nace is essentially the same as the maintenance 
performed on the indirect-arc furnace, excluding 
the automatic electrode control gear box. All 
electrical maintenance and electrical repairs 
are performed by an Electrician's Mate. 


HIGH-FREQUENCY INDUC TION 
FURNACE 


A third type of electric furnace utilized 
in Navy foundries is the coreless, high-frequency 
induction furnace. This furnace, like the rock- 
ing indirect-arc furnace and the electric re- 
sistor furnace discussed in preceding sections 
of this chapter, is suitable for the production 
of all types of metals and alloys. 

You should recall that both the indirect-arc 
furnace and the electric resistor furnace have 
transformers incorporated in their electrical 
systems. Transformers also form an essential 
part of the high-frequency induction furnace's 
electrical system. The furnace has a boxlike 
shell lined with refractory material in which 
is embedded a helical copper-tube coil — through 
which a high-frequency electrical current passes. 
The charge of metal is placed in the cavity 
or crucible of the shell. Electromagnetic in- 
duction causes a current to flow through the 
charge, thus avoiding the use of arcs and elec- 
trodes. 


CONSTRUC TION 


There are two basic types of coreless, high- 
frequency induction furnaces; the tilting type 
(see fig. 5-10) and the lift-coil (see fig. 5-11) 
furnace. Both are basically the same, except 
that the lift-coil furnace is limited to small 
sizes while the tilting type may have a capacity 
as great as 2-1/2 tons. 

The tilting type induction furnace, as shown 
in figure 5-10 consists of a single boxlike 
Structure; it has a capacity of 650 pounds. 
Usually, shore-bàsed repair facilities or some 
tenders or repair ships will have a battery of 
three furnaces —two 650-pound tilting furnaces 
and one lift-coil furnace. Smaller installations, 
however, may have only the lift-coil furnace. 
All induction furnaces in a battery may be 
controlled from the same control panel. To 
tilt the tilting type induction furnace, the hook 
of a power hoist is attached to a bracket on 
the lower rear of the furnace. As the furnace 
is elevated, the spout of the furnace is brought 
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to the pouring position by the rotating of the 
boxlike shell through the double trunnion arrange- 
ment located on each side of the furnace shell. 


The lift-coil induction furnace, as shown in 
figure 5-11, consists of two sections —the base 
and the removable coil structure. The charge 
(metal) in the lift-coil induction furnace is 
melted in a crucible which also serves as a 
pouring ladle. The coil structure on the lift- 
coil furnace may be raised or lowered with a 
power hoist or chain falls. Except for the dif- 
ferences to be noted in comparing figures 5-10 
and 5-11, all induction furnaces are alike; that 
is, the motor generators, the capacitors, and 
the control instruments are the same. 


The essential parts of an induction furnace 
are shown in figure 5-12 and are described in 
the following paragraphs. 

The outer shell (S) is made of asbestos 
lumber (transite) and carries the trunnions (T) 
on which the furnace pivots during tapping and 
pouring. The shell is lined with refractory 
material in which is embedded a coil (C) that 
consists of a helix of water-cooled copper tubing 
insulated with a layer of refractory material 
(L) which forms a protective covering around 
the coil. This layer of refractory material is 
continued above and below the helical copper 
coil until it rests against the asbestos support 
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Figure 5-10.— Tilting high-frequency induction 
furnace. 
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102.34 
re 5-11.— Lift-coil high-frequency induction 
furnace. 


the firebrick top (F), and the firebrick 
(F). The refractory lining around the coil 
across the firebrick bottom of the furnace 
ides a cavity into which the refractory 
g of the induction furnace is built. This 
actory lining may take the form of a thin- 
crucible or supporting shell (M) packed 
the cavity with a granular refractory (G), 
t may be in the form of a sintered lining, 
h holds the charge of metal (B) and is 
led at the top front edge of the outer furnace 
| to form the pouring spout (D). When the 
ice is in use, the inner refractory material 
e wall and across the base becomes sintered 
ed) to a depth of 3/8 inch or more. The 
^ portion of the refractory material re- 
iS in granular form and serves as a support 
the inner lining. In addition to supporting 
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Figure 5-12.—Cross-sectional view of a high- 
frequency induction furnace (tilting type). 


the inner lining, the granular refractory mate- 
rial serves as thermal insulation and as a 
barrier against the leakage of molten metal 
in case of a crack in the inner sintered lining. 


PRINCIPLE OF OPERATION 


When a 960-cylce high-frequency current is 
applied to the terminals of the coils, all space 
inside the coil is subjected to a rapidly alter- 
nating electromagnetic field. (Ordinary shipboard 
lighting and power circuits are only 60-cycle 
alternating current.) While the high-frequency 
furnace is operating, any electrical conductor 
inside the coil (furnace cavity) has current 
induced in it. The resistance of the metal charge 
(or any other electrical conducting material) 
to the flow of the induced current generates 
heat. This heat causes rapid melting of the 
charge up to and beyond the melting point re- 
quired for pouring of the molten metal. 

Alternating current has a tendency to hug the 
surface of the material through which it passes, 
Further, the higher the frequency of the alter- 
nating current, the more it hugs the surface 
of the conductor. Since high-frequency alternating 
current is on or near the surface of the con- 
ductor, resistance and heat are alsoconcentrated 
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in that area, resulting in rapid surface melting 
which, in turn, contributes to the overall rapidity 
of metal breakdown or melting. The heat is 
developed in the outer surface of the charge 
and is rapidly carried to the center of the charge 
by conduction. Heat by induction is very rapid 
through solid metal. After the charge starts 
to melt and a pool of molten metal is formed 
in the bottom of the furnace, a stirring motion 
occurs, This stirring motion (convection) not 
only carries heat to the center of the charge, 
but accelerates melting by washing molten metal 
against those portions of the charge that are 
still solid. In addition to accelerating the melting 
of the charge, the stirring motion also mixes 
the charge thoroughly, thus assuring a uniform 
melt. The electromagnetic forces set up by 
induced secondary current cause flow lines inthe 
stirring motion which circulates the molten 
metal as shown in figure 5-13. The flow lines, 
as indicated by the arrows, show that there are 
no dead spots and that every part of the molten 
bath is stirred. The stirring motion thoroughly 
mixes the melt and thus contributes to the 
production of a uniform casting alloy. The molten 
bath of metal may be stirred more vigorously 
by increasing the power input to the furnace 
on the same principle as mereasmg heat will 
boil water faster. 


CONTROL STATIONS 


An induction furnace installation consists 
of four major subunits: generators, capacitors, 
control instruments, and the furnace itself. These 
four units are interconnected with electrical 
circuits and a water-cooling system. 


First of all, to operate the furnace there 
must be a source of power. This is usually a 
diesel-driven generator set capable of producing 
175-kilowatt high-frequency current. The gen- 
erator’s field is excited by a 1.5-kilowatt direct- 
current exciter. A starting motor is necessary 
to activate this unit. The next subunit is the 
capacitors; there are 16 of these. All of these 
capacitors (or condensers) are operated directly 
from the control panel. A capacitor is a device 
for holding or storing a charge of electricity. 
In the high-frequency induction furnace installa- 
tion, capacitors are used to balance the in- 
ductance of the furnace proper. By depressing 
pushbuttons on the control panel, the capacitors 
may be cut in or out of the circuit as necessary 
to maintain the proper power factor. The capacitor 
pushbuttons are used when the power-factor 
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102.36 
Figure 5-13.— Flow lines in the stirring motion 
during melting. 


meter on the control panel indicates an ex- 
cessive "lag" ог "lead" in power. 

The location of the interlock box containing 
the capacitor control pushbuttons and other fur- 
nace control devices is shown in figure 5-14. 
Although the power panel illustrated in figure 
5-14 is not the only control panel for the in- 
duction furnace, it is the most important from 
the standpoint of furnace operation. Two other 
control stations are provided for starting the 
generators and switching the furnace controls 
from one furnace to another, when the foundry 
installation has two or more induction furnaces. 
Another station controls the pressure pump and 
a manifold for circulating cooling water through 
the furnace. All controls, other than those shown 
in figure 5-14, are located in the cubicle (room) 
containing the generators and capacitors. 


OPERA TION 


In an induction furnace, as in other types of 
furnaces, lining installation and maintenance is 
most important. The lining installed in a 650- 
pound induction furnace depends on the metal 
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Figure 5-14.— High-frequency induction furnace control panel. 


or alloy that is to be melted. A clay-graphite 
crucible rammed in place with Norsand is used 
to melt nonferrous metals and alloys. Usually, 
a sintered lining is used to melt ferrous metals 
and alloys, but steel may be melted in a properly 
installed magnesia crucible. 

The individual pieces of material making 
up the charge should be placed in the furnace so 
that the charge is fairly compact. After charging, 
the operator is ready to "light off" the furnace 
by applying power. But first, he ensures that 
cooling water is circulating through the coil. 

Assuming that the generator and exciter are 
operating, and that the appropriate throwover 
switches have been positioned for the furnace 
selected for the heat, the procedure for oper- 
ating the furnace is as follows: 


1. Energize the control and condenser (capac- 
itor) contactor circuits. The pushbuttons for this 
operation are located next to the voltage regu- 
lator. 
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2. Set the tap switches to positions 1 and 4. 
These switches have the same function as the 
drum switch tap-changers discussed under re- 
sistor furnaces. 

3. Turn the voltage regulator rheostat located 
on the face of the voltage regulator counter- 
clockwise as far as it will go. 

4. Turn the excitor and the generator rheo- 
stats to their extreme clockwise direction. 

5. Close the generator line contactor and 
the field contactor by pressing the appropriate 
pushbuttons on the control panels. The pro- 
cedure given energizes the furnace, but the 
power is at a very low value. 

6. Slowly turn the exciter and generator 
rheostats in a counterclockwise direction until 
400 volts is indicated by the voltmeter. 


Voltage may now be slowly raised by turning 
the voltage regulator rheostat in a clockwise 
direction. While increasing voltage, closely ob- 
serve the power-factor meter —its range is 50 
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percent LAG — 100 percent— 50 percent LEAD. 
If this meter indicates more than 90 percent 
lead, several capacitors should be removed from 
the circuit by raising the interlock-box cover 
and depressing a sufficient number of BLACK 
buttons to bring the power-factor reading between 
90 percent lead and 98 percent lag. On the 
other hand, if the power factor is more than 
98 percent lag, push one or more WHITE buttons 
to make the necessary power-factor correction. 
(Before making any capacitor or tap change, 
always zero the voltage rheostat.) 

The temperature needed to melt down a 
given ''heat" determines the amount of power 
input required. And, the amount of power re- 
quired determines the position in which the tap 
switches are to be placed. For a low melting 
point material like aluminum, sufficient power 
is obtainable with the tap switches ‘in positions 
1 and 4. To obtain higher temperatures, more 
power must be applied. 

Further power increases are made by changing 
the relative position of the tap switches. There 
are four combinations of tap-switch positions, 
each of which governs a range of power in- 
crease: taps in positions 1 and 4, lowest power; 
positions 2 and 4, next to lowest power; posi- 
tions 1 and 3, next to highest power; positions 
2 and 3, highest power. In other words, through 
the manipulation of the voltage-regulator rheo- 
stat, and through changes in tap-switch positions, 
the power input to the furnace may be varied 
from a very low value to the full 175-kilowatt 
capacity of the high-frequency generator. 

Assuming that linings or crucibles are prop- 
erly installed and that power is properly applied, 
the most important single factor in melting 
metals and alloys with the high-frequency in- 
duction furnace is the manner in which the 
furnace is charged. Scrap and alloys having a 
composition as close as possible to that desired 
in the finished casting are selected. Heavy 
pieces (ingots) are charged first, with scrap 
placed so that it can slide freely into the molten- 
bath. The compactness of the charge has an 
influence on the speed of the melting. Con- 
sequently, large void spaces in the charge should 
be avoided. However, the charge should not be 
packed too tightly, or metal expansion due to 
heat prior to melting will crack the crucible 
or lining of the furnace. 

In addition to checking the power-factor meter 
on the control panel and making corrections as 
necessary to maintain proper power factor, 
the furnace operator must watch the furnace 
charge during the melting period. When the 
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charge begins to melt, the small scrap will 
Slide to the bottom of the lining or crucible 
and into the molten bath. Convection currents 
produce a convex crown at the top of the molten 
bath which makes it difficult to keep a slag 
blanket on the metal. This is not too important, 
as a slag blanket is not necessary for satis- 
factory melting. Occasionally, unmelted metal 
has a tendency to hang to the sidewalls or form 
a bridge between the sidewalls. Bridging is not 
a serious condition, but if it is permitted to 
continue, lining damage and overheating of the 
metal or alloy will result. 


Bridging can be avoided by proper placement 
of the charge in the furnace. If bridging occurs, 
reduce the power input to the furnace and relieve 
the bridged condition with a steel bar. However, 
when relieving the bridged condition, avoid severe 
poking with the steel bar to prevent the furnace 
lining or crucible from being damaged. Do not 
operate the high-frequency induction furnace at 
full power input for more than 4 to 5 minutes 
if an unfreed bridged condition exists; to do so 
will cause overheating of the molten metal bath 
under thé bridge. Overheating the molten metal 
has a harmful effect on metal composition be- 
cause metal loss increases. (Metal losses for 
high-frequency induction furnaces are, on the 
average, similar to those cited for rocking 
indirect-arc and rocking electric-resistor fur- 
naces.) After the bridged condition has been 
eliminated, full power may be restored to the 
furnace. 


When the metal reaches the desired pouring 
temperature, additional power is often applied 
for a short period. This extra input of power 
accelerates the stirring action of the molten 
metal and thereby thoroughly mixes the heat. 
As with all types of furnaces, everything must 
be in readiness before the heat reaches the 
tapping temperature. All molds for the castings 
to be poured from a particular heat should be 
ready for pouring before the furnace is started. 


OIL-FIRED FURNACE 


Oil-fired equipment is usually furnished to 
ships that have limited facilities for generating 
electric power. These furnace units are satis- 
factory for melting aluminum, brass, bronze, 
and other alloys having low melting points. They 
cannot satisfactorily produce the high tempera- 
tures required for melting monel, cast iron, 
and steel. 
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The two major types of oil-fired furnace are 
the stationary and the tilting types. The crucible 
must be lifted into and out of a stationary (pit) 
furnace, but in a tilting furnace, a special lip 
on the crucible makes pouring possible. Figure 
5-15 illustrates the tilting-crucible type furnace. 

In both the stationary and the tilting-crucible 
furnaces, the charge is melted in a separate 
pot that isolates it from the direct action of 
the flame. Figures 5-16 and 5-17 show cross- 
sectional views of the stationary (pit) furnace 
and the tilting type furnace. 


CONS TRUC TION 


The principal parts of the oil-fired furnace 
are the shell, the lining, a pedestal or base 
block, the crucible, and the combustion unit, 
The shell, or furnace barrel, is of steel; the 
refractory lining may be either of brick-like 
Shapes fitted into the shell, or of heavy-duty 
refractory material rammed in as a single lining. 

Base blocks must be of the same or similar 
material as the crucible. The function of these 
blocks is to raise the crucible from the shell 
lining, and bring it into proper position with 
the burner. If the block is not sufficiently re- 
fractory, it may slump under the application 







FUEL AND AIR COVER 


POURING 
> LIP 


TILTING 
MECHANISM 


102.38X 
Figure 5-15.— Oil-fired furnace (tilting type). 
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102.39X 
Figure 5-16.— Cross-sectional view of a tilting 
type oil-fired furnace. 


of heat. Slumping could cause the crucible to 
crack, or to tilt and spill molten metal. 
Crucibles are described in this text in chapter 
4. The size of the crucible used should be that 
recommended by the manufacturer, rather than 
the one that seems to best accommodate the 
size of the charge. The manufacturer has taken 
into consideration the relative sizes of shell 
and crucible in calculating the volume of air 
available for combustion. It will be advisable 
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102.40 
Figure 5-17.— Cross-sectional view of a station- 
ary type oil-fired furnace. 
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to use the recommended size even though the 
charge is small, rather than to substitute a 
smaller crucible and thereby change the oper- 
ating characteristics of the furnace. 

The combustion unit is usually of the type 
that premixes the fuel oil and air, to ensure 
proper combustion. The burner should be located 
so that the centerline is level with the top of 
the base block and the bottom of the crucible. 
The fuel oil is supplied at a pressure of 20 to 
30 psi; air is supplied from a blower, ata 
pressure of 1 psi, and is thoroughly mixed with 
the oil before it enters the furnace. If any 
additional air is allowed to enter around the 
burner nozzle, it can unbalance the premixing 
process and cause erratic operation of the 
furnace. 


OPERATION AND 
MAINTENANCE 


Lighting the furnace requires some skill. 
Hold the flame of a torch beneath the burner 
nozzle, at the burner port, and then just crack 
the air valve. Then crack the oil valve. The 
fuel-air mixture will ignite, and you can then 
adjust the burner control valves to get just 
the type of flame that you require. 

The best atmosphere obtainable under ordi- 
nary conditions is one that is slightly oxidizing; 
and it is indicated by a slight green tinge on 
the outer edge of the flame. If you get a smoky 
yellow flame, the furnace atmosphere is a reduc- 
ing one; that is, the volume of fuel entering the 
furnace is too great for the volume of air. 
Since even a slightly reducing atmosphere will 
cause gas absorption in brass, bronze, or alumi- 
num, you will have to adjust the control valves. 
A neutral atmosphere, in which the air-fuel 
mixture is proportioned to give PERFECT com- 
bustion, is almost impossible to maintain. The 
slight excess of air in the oxidizing atmosphere 
is less harmful than the excess of fuel in the 
reducing atmosphere, although a highly oxidizing 
atmosphere will consume the graphite in the 
crucible. 

It takes about 20 to 30 minutes to properly 
warm up an oil-fired furnace, and you will 
probably have to make constant adjustments of 
the burner control valves. You will find it 
easier to first get a reducing flame, and then 
work down to a slightly oxidizing flame. If you 
start at the other end, you will be likely to 
mistake a highly oxidizing flame for one that 
is slightly oxidizing. You can test the atmosphere 
by throwing a block of wood into the furnace; 
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if it chars, the atmosphere is reducing, and if 
it burns with a bright flame, the atmosphere is 
oxidizing. 

Another test is to use tongs to hold a piece 
of new, unused zinc in the flame, for 30 to 
60 seconds. If the zinc is black when it is re- 
moved from the flame, the atmosphere is re- 
ducing. If it is straw colored, the atmosphere 
is slightly reducing. If it is bright and clean, 
the atmosphere is oxidizing. 

When you are ready to charge the furnace, 
put in the scrap metal first, and then place the 
ingots on top. The ingots must never be exposed 
to the flame, so if they cannot go in with the 
scrap, the ingots must be preheated (so as not 
to lower the temperature of the charge), and 
added after the scrap begins to melt. As in 
using electric furnaces, place the metal in the 
shell rather than throwing it in; the better the 
treatment you give to equipment, the less work 
you will'have in maintaining it. 

If you can keep a separate crucible for each 
type of metal, you can greatly reduce the chance 
of contamination in successive heats. If this 
is not possible, make a WASH HEAT before 
using a crucible for a different metal. A wash 
heat consists of melting a scrap charge of the 
same composition as the metal to be melted; 
the scrap charge will pick up the contamination 
that otherwise would remain and that the regular 
melt would pick up. 

When the furnace is to be shut down, the 
fuel valve must be closed first and then the air 
valve (the opposite of the lighting procedure). 
It is important that you learn this procedure 
and follow it. 

For maintenance of oil-fired furnaces, follow 
requirements prescribed by the Planned Main- 
tenance Sub-System (PMS), if applicable to your 
furnaces. If the PMS has not been established 
for a specific furnace, then maintenance should 
be performed in accordance with the manu- 
facturer's technical manual. For relining and 
repairing furnace linings, follow the instructions 
furnished in the manufacturer's technical manual. 


RELINING FURNACES 


Even though your lining maintenance pro- 
cedures are the best that can be devised, and 
you follow the program to the letter, eventually 
your.furnace will have to be relined. At one 
time or another during your naval career, you'll 
have occasion to decide when a furnace needs 
a new lining. Upon what facts do you base this 
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jon? Primarily, your decision is based 
oservation and a knowledge of the furnace’s 
ry since the present lining was installed. 
> the melting practices employed, the kind 
etal handled, and the maintenance procedures 
еа are some of the variable factors in- 
а in the life of a furnace lining, the num- 
of heats that a lining should last cannot 
tated; only past experience as revealed by 
naterial history for your particular furnace 
indicate lining life expectancy. Two ob- 
able factors, however, serve to indicate 
_ relining is in order. These factors are: 
е appearance of bright red spots on the lining 
while the furnace is in operation; and (2) 
failure of patches to adhere satisfactorily 
e refractory wall. The observation of either 
oth of these conditions serves as a basis 
decision to reline. 

1 both the indirect-arc and the resistor 
ices, the linings are formed by laying 
lard and special preformed insulating and 
ictory shapes. However, the insulating mate- 
for LFC and NR-2 furnaces may be in the 
. of castable insulation. The first step in the 
> replacement procedure for either of these 
ice types is to disconnect and remove elec- 
>S, brackets, and similar fittings from the 
3 of the furnace shell. After the shell exterior 
been stripped, the shell is hoisted from its 
s and placed on end on the foundry floor. 
sure that you have plenty of work space 
nd the shell. Next, remove the end plate, 
k out the old lining, and scrape the shell 
ior free of cement. 

comparison of the drawings in figures 5-18 
5-19 shows that the lining procedures for 
> two types of furnaces differ considerably 
this point on. Contrasted with the conical 
ons in the NR-2 resistor furnace, the cylin- 
1 design of the LFY is much simpler. A 
er complication in the NR-2 is the double 
rode ports which require a special end disk 
'areful alinement. Only a minimum of special 
es are required for the LFY, while the bulk 
ose used in the NR -2are other than standard. 
her, there are fewer spaces to fill with 
int and less fitting of parts in the LFY 
there are in the NR-2. 


RECT-ARC 


y carefully studying figure 5-18, you'll get 
od picture of the manner in which indirect- 
furnace linings are installed. Furnaces 
ler or larger than the 500-pound capacity 


LFY illustrated will, of course, vary in detail, 
but the principle of lining construction will be 
much the same. Before you start laying brick, 
though, check the lining assembly drawing for 
your furnace. Note particularly the list of mate- 
rial. Double check to be sure that you have a 
sufficient quantity of the right kind of materials. 
After assembling the necessary tools and mate- 
rials, stripping the brackets from the sides of 
the furnace, and removing the shell from the 
base supports, the procedure for relining the 
LFY is as follows: | 


With the shell resting on end, remove the 
hinge pins, lift out the end plate, knock out the 
old lining, and scrape the shell interior clean. 
Next, cut and fit the insulating brick for the 
end wall. Then, start laying the silica brick 
insulating course, using an air-setting mortar 
mixed to a dipping consistency. The end wall 
is laid first with 9'' x 4-1/2" х 2-1/2" straight 
insulating brick. The circular shell is laid with 
9'' x 4-1/2" x 1-1/4" split insulating brick. 
Brick laid in the insulating course are placed 
so that their 9" x 4-1/2'"' surface is parallel 
to the surface of the end disk or the curvature 
of the cylindrical wall, as the case may be. 
Dip each brick fully in the mortar. When placing 
them in position, press the bricks together 
firmly to squeeze excess mortar from the joint. 
Note that a 7'' diameter hole must be formed 
in the center of the end-plate course, and that 
9'! x 4-1/2" x 1-1/4'' Mullite or Silimanite re- 
fractory split brick are installed around the 
door opening, instead of insulating brick, in the 
first course (see sections A-A and C-C, fig. 
5-18). Leave space R void for the time being. 

With the cylindrical section and one end wall 
lined with insulating brick, install the silicon- 
carbide (or Mullite) door brick (see section 
C-C, fig. 5-18) and close the door. 


Next, lay the end wall with 9'' x 4-1/2" x 
2-1/2'' straight refractory brick (Mullite or 
Silimanite high temperature). As shown in the 
drawing, this end wall course is laid with the 
9'" x 2-1/2" edge parallel with the surface of 
the end wall. Use an air-setting high-tempera- 
ture mortar mixed to a dipping consistency to 
lay the refractory course. The mortar should 
have a composition similar to the refractory 
brick itself. Tamp the bricks together so that 
excess mortar squeezes from the joint. In this 
course, maintain a 6-1/2" diameter opening 
for the port sleeve. 

The refractory course for the circular portion 
of the shell is laid with No. 1 and No. 2 arch 
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Figure 5-18. — Lining assembly for LFY indirect-arc electric rocking furnace. 


brick. (No. 1 is a 9''x 4-1/2'' x 2-1/2!! x 2-1/8" 
brick, while the No. 2 is 9''х 4-1/2''x 2-1/2''x 
1-3/4" brick.) Here, the 9'' x 2-1/2" edge is 
butted to the insulating course. As indicated in 
the sectional view A-A, these brick are inserted 
in the following sequence: two No. 2 arch brick, 
one No. 1 arch brick, two No. 2, one No. 1, etc. 
If this alternate sequence is not followed, the 
correct radius will not be obtained. Around the 
door, in this course, the 9'' dimension of the 
arch brick must be cut down to 4'' so that 
the special door tile (jambs, sill, and lintel) 
can be fitted in place. Before the door tiles are 
installed, they should be soaked in water to 
prevent the mortar from drying out too rapidly. 
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Note that a 1/4'"' clearance is specified between 
the special tile and the furnace door. 

When an insulating and a refractory course 
have been installed in one end of the cylindrical 
portion of the furnace shell, the next step is 
to construct a platform in the interior of the 
shell consisting of a circular disk supported by 
3 or 4 legs. The purpose of the platform is to 
support the brickwork of the second end wall 
while it is being put in place. The upper surface 
of the disk must be installed flush with the 
upper edge of the circle of brick forming the 
cylindrical section of the lining. The disk portion 
of the platform should be 26'' in diameter with 
a 7'' hole in the center. The material from which 
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ITEM 11 - PORT SLEEVES SHOULD BE CEMENTED IN PLACE AFTER 


INSTALLATION ABOARD SHIP. 


END WALL INSULATING BRICK SHOWN IN DOTTED LINES 


ZETEPITPEEEEPRTEEEIPEETPPEIN 


y» 
d» 
@ 
Й 


21 ОА 


хое слеты. гу Ы ` 


o» 
o» 
VO EL em AQAA „ММММ >”. аў? 
QE. LS. er МАА А АУУ Usu IP 


^ oem 
M. 





A 
SECTION 8-0 





USE 9 x 25 STRAIGHTS-8 REQUIRED FOR EACH END 






ALL AROUND 
DOOR OPENING 


DOOR 






M 


EN) 









SECTION A-A 


TOTAL WEIGHT OF SHELL AND LINING 2916 


Figure 5-19.— Lining assembly for a NR-2 resistor furnace. 


platform is constructed is governed by the 
ght of the material it is required to support. 
^ furnaces installed aboard repair ships, а 
tform made of 3/8'' to 1" lumber supported 
2 x 4’s is more than adequate. After the 
nace lining is completely installed, the plat- 
m is burned out. 

With the platform installed, the next step 
to lay brick for the second end wall. Here 
is necessary to install the refractory course 
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and then the insulating course, forming the port 
sleeve opening in both courses. Following this, 
replace the end plate, locking it in position with 
the hinge pins. If necessary, insulating mortar 
may be spread over the surface of the insulating 
course to fill any space between the end plate 
and the insulating course. 

Next, hoist the furnace shell to a horizontal 
position so that the rim tracks are in contact 
with the foundry floor. Then pour a creamlike 
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slurry of cement into the furnace. Roll the 
furnace back and forth several times so that 
each joint is submerged and filled with the 
slurry. Drain the shell to remove any excess 
material. Remounting the shell on the furnace 
base completes this phase of the lining pro- 
cedure. 


After the shell has been remounted, replace 
the electrode brackets and clamp two new elec- 
trodes in position. Advance the electrodes until 
they strike each other in the center of the 
furnace. When properly aligned, the two elec- 
trodes look as if they were one continuous piece. 
If the electrodes do not align in this way, it will 
be necessary to insert shims between the elec- 
trode brackets and the shell end plate to obtain 
the desired alignment. 


Having obtained the correct electrode align- 
ment, withdraw the electrodes until their ends 
are nearly flush with the refractory wall. Wind 
several turns of paper around the end of both 
electrodes and slip a port sleeve (part 15), 
previously soaked in water, over the tip of each 
electrode. When properly inserted, as shown in 
section B-B, figure 5-18, the sleeve is cemented 
in place by tamping alundum cement securely 
into space O. Then, ram plastic firebrick in 
space E of the flanges. To maintain the clear- 
ance necessary for electrode movement through 
the flange area, paper must be wrapped around 
the electrode before the plastic is rammed. 
After completing the installation of the port 
sleeves, and removing the paper wrappings, 
the electrodes should move into the furnace 
the full distance without binding at any point. 
Forming the furnace pouring spout with plastic 
firebrick and solidly ramming a high tempera- 
ture plastic refractory into space R around 
the door complete the lining installation pro- 
cedure. 


. The final step is to dry out the new lining. 
. Burn out the wood platform, then, using the arc, 
apply heat intermittently on this basis: (1) strike 
the arc, applying power until the kw hr meter 
indicates 5kw hrs, then turn off the power. 
Repeat this operation once each 1/2 hr for 2 hrs; 
(2) for the next 2 hrs apply 8kw hrs once each 
1/2 hr, followed by (3) 12kw hrs, once each 1/2 
hr for the next 2 hrs. When this heating sequence 
is followed, the furnace lining will be a dull 
red color at the end of a 6-hr period, and a total 
of 100kw hrs will have been applied. After 6 hrs 
of relatively slow preheating, the power may 


be left on continuously with a 125 kw hr input. 
Apply this input for 20 additional kw hrs or 
until the lining reaches a temperature of 2700? 
F; then turn off the power. Allow the furnace 
to cool to between 1000? to 1400? Е before re- 
moving the door. 


RESISTOR 


As indicated previously, the lining assembly 
details for an NR-2 resistor furnace differ 
considerably from those of the LFY indirect- 
arc. Nevertheless, the same general principles 
are involved. Insulating and refractory courses 
are required in both cases. The technique of laying 
brick and the procedures for mixing mortars, 
cements, and slurries are identical. And, in 
both cases, a chain fall or hoist is required to 
handle the furnace shell. The similarities and 
differences will become apparent after we have 
outlined the procedure for relining the NR-2 
furnace in the following paragraphs. 


After removing the brackets and associated 
gear from the furnace shell end plate exterior, 
the shell is hoisted from the base and placed 
on blocks on the foundry floor with the hinged 
end plate up. Remove the hinge pins, lift off 
the end plate, knock out the old lining, and 
thoroughly clean the interior of the furnace 
Shell. When this has been accomplished, lay 
the insulating course in the end wall. As in 
the LFY, straight insulating brick is used to 
lay this section of the lining. The brick must 
be cut to fit the end plate as well as the opening 
for the port sleeves. It’s good practice to cut 
all insulating brick requiring such treatment 
and to fit them in position before laying them 
permanently in place with mortar. Fill all 
crevices with the same air-setting insulating 
mortar, then scrape the excess mortar from 
the surface. The dotted lines in the sectional 
view A-A, figure 5-19, represent the brick 
in the end wall insulating course. 


Five types of shapes are required to lay 
the insulating course in the shell body: right 
and left short-conical, right and left long-conical, 
and standard straight insulating. Starting with 
the short conical left-hand shape, lay the first 
section, placing each shape snugly but squarely 
against the end wall. Follow this with the second, 
or long left-hand conical section. Then lay the 
Standard insulating bricks in the circular section 
of the shell. The brick in this section must be 
accurately centered. Before starting to lay the 
second conical course or the circular course, 
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be sure that the upper (4-1/2'' x 2-1/2"' edge 
of the preceding course is square. If this is not 
done, the standard insulating brick of the circu- 
lar course will not lie properly against the 
shell. The long and short right-hand conical 
sections are laid in the same way at the left 
hand sections. Leave a 2'' space (R) around 
the furnace door opening. Each brick should 
be fully dipped in insulating mortar before 
laying. After each section is laid, fill all voids 
between bricks with mortar. Clean excess mor- 
tar from the surface of the lining and smooth 
off any high spots. 


The next step in the lining procedure is to 
fit the zircon end disk in place. A 1/2" x1''x9'' 
Steel bar fitted into recess L (section B-B, 
fig. 5-19) facilitates the handling of this part 
with a hoist or chain fall. With the end disk 
openings aligned with the port openings in the 
steel end plate, locate the door sill (part 3) 
and pieces 3 and 9 of the refractory circular 
course (part 2) in their proper positions. (See 
section B-B for the location of part 3 and 
section A-A for the location of pieces 3 and 
9 of part 2.) Be sure that the end disk is level. 
Check the relation of the spout groove in the 
door sill with relation to the furnace spout 
casting. The refractory parts must fit snugly 


against the insulating course. If the end disk 
must be lowered to permit fitting the refractory 
part, the insulating course in the end wall will 
have to be rubbed down. On the other hand, if 
it must be raised, this can be done with a layer 
of insulating mortar. Perfect fitting of the parts 
is essential. In addition to fit, check the diameter 
between pieces 3 and 9 of part 2. This diameter 
Should be 26 inches. When the proper fit has 
been obtained, remove the parts from the shell. 


Before permanently installing the refractory 
course, soak all the shapes in water. Then, 
cement the end disk in the position determined 
during the fitting procedure. Fill space N with 
Silimanite plastic refractory. Clean the flange- 
like edge of the disk so that the ends of the 
circular course can rest on it without inter- 
ference. Next, lay the door sill, and then pieces 
2 through 10 of part 2. The sequence of this 
procedure is represented by the numbers in 
the cross-sectional end view, A-A. As each of 
these pieces is laid in sequence, void E must 
be filled with zircon cement. At this point, 
the lintel (part 5) and the jambs (part 4) are 
temporarily inserted to check their fit before 
they are permanently cemented in place. After 
installing the lintel, cement the jambs and force 


them into position with a wood block and a 
mallet. 


The next step is to fit the second end disk. 
To facilitate this operation, it is necessary to 
knock the edge off the insulating shapes (part 
8) in the right-hand conical section. This pro- 
vides the space necessary to fit the end disk. 
Check the alignment of port openings by tempo- 
rarily replacing the end plate. When satisfactory 
alignment has been obtained and marked, remove 
the plate and disk. Then, wet the ends of the 
shapes in the refractory circular course, coat 
these ends and the joint edge of the disk with a 
slurry of refractory cement and lay the disk in 
place. Following this, ram plastic zircon into 
void M, Next, fit the brick for the end insulating 
course and lay this course. Coat the surface 
of the insulating course with mortar, if neces- 
sary, to make a snug fit between the end plate 
and the insulating course. 

Having locked the end plate securely in 
place with the hinge pins, turn the shell toa 
horizontal position (rim tracks in contact with 
the foundry floor) and fill the 2-inch void space 
(R) around the door with rammed Silimanite 
or Mullite high temperature refractory. Fill 
any cracks in the lining with mortar, then 
wash all joints with a slurry of refractory 
cement. Return the shell to the furance base. 
If you have sufficient time, it’s a good practice 
to allow the lining to air-dry for 12 hours 
followed by 8 hours of drying with a wood fire, 
before installing the port sleeves (part 11). 


With the shell on the furnace base, remount 
the electrode brackets and install new resistors 
and graphite terminals. Like the electrodes of 
the indirect-arc furnace, the resistors must 
be perfectly aligned. Insert shims between the 
brackets and the end plates as required to 
obtain the desired alignment. When this has 
been accomplished, remove the resistors and 
wrap paper around the ends of the terminals 
as a preparatory step prior to the installation 
of the port sleeves. Locate the inner end of 
the terminals flush with the, surface of the end 
disk. Slip the port sleeve (thoroughly wet with 
water) over the paper and the resistor. When 
properly inserted, the outer edge of the sleeve 
is flush with the shell end plate. Then, ram 
zircon refractory patch in the space (O) be- 
tween the sleeves and the end disk. The next 
operation is to install the port coolers and 
re-install the resistors. Be sure that the proper 
alignment is maintained. The final procedure 
before preheating the furnace is to install the 
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door brick as shown in section C-C, in figure 
0-19. Fill the crevice between the brick and 
door flange and the bolt plugs with Silimanite 
refractory patch. 


Preheating the furnace to completely dry 
out and mature the lining is accomplished by 
operating the resistors at a 50 to 60 kw input. 
Over a 4-hr period, apply power every 1/2 hr 
until the kw hr meter indicates 20 kw hrs. 
Then, over the next 2 hrs apply 40 kw hr every 
1/2 hr. Apply 20 kw hrs every 1/2 hr for 4 
hrs. Then, apply 40 kw hrs every 1/2 hr for the 
next 2 hrs. If at any time during this 6-hr 
preheating period steam comes out of the fur- 
nace with considerable force instead of drifting 
out, delay the next application of power for 1/2 
hr. When the lining temperature reaches 2700? 
F, secure the power and allow the furnace to 
cool slowly. 


SAFETY PRECAUTIONS FOR 
FURNACE OPERATORS 


Safety precautions related to the equipment 
which you operate and maintain must be ob- 
served if injury to personnel (yourself and 
shipmates) and damage to equipment are to 
be prevented. 


Most accidents in the foundry are the direct 
result of someone not observing safety pre- 
cautions. Obviously, observing safety precautions 
will greatly reduce the accident rate. Your 
shop supervisor is under orders from and is 
responsible to the commanding officer to see 
that safety precautions are observed. He will 
‘train you in proper operational procedures and 
in.the use of personal protective equipment. 


Before pointing out safety precautions that 
you Should observe when operating and main- 
taining furnaces, answer the following questions 
with a simple yes or no: 


1. Is mental alertness of prime importance 
when operating or repairing foundry furnaces? 

2. Are safety goggles required when operating 
furnaces? 

3. When chipping furnace linings, are safety 
goggles required? 

4. Should gloves be worn when chipping out 
furnace linings? 

5. Should close fitting work clothes be worn? 

6. Should colored goggles be worn when ob- 
serving the inside of an operating furnace? 


7. Should elbow length asbestos gloves be 
worn when charging a furnace? 

8. Should the furnace exhaust system be 
in operation when operating a furnace? 


If you have answered all the questions ''yes,"' 
it then is obvious you know WHY it is neces- 
sary to observe safety precautions. However, 
if you answered any of the questions with a 
NO, then beware if you perform a related oper- 
ation. Safety precautions are to be observed 
and there is a purpose for each precaution. 
For example, eyesight cannot be restored after 
severe damage caused by flying chips while 
chipping a furnace lining without using goggles. 
An old saying is, ''crime does not pay.'' Change 
the word ''crime" to "''carelessness.'' Care- 
lessness is the primary cause of most accidents. 
The following safety precautions should be ob- 
served when operating or repairing foundry 
furnaces: 


1. Wear gloves and goggles when chipping 
Slag or any other material from furnace linings. 
When intensive chipping is required, as when 
removing an old lining, clear-lens safety goggles 
are necessary. Respirators may be required 
to prevent dust inhalation. 

2. In. addition to safety shoes and close- 
fitting work clothes, the furnace operator must 
wear safety goggles at all times while tending 
the furnace. When looking into the furnace to 
observe the progress of melting, wear safety 
glasses having special colored lenses. 

3. Follow the prescribed operating and safety 
precautions posted on or near the furnace. 

4. Inspect all asbestos gloves before using 
them. 

5. When charging a furnace, wear elbow length 
asbestos gloves. (Asbestos gloves will protect 
your arms and hands from the intense heat 
of the furnace.) 

6. Keep the area around the furnace dry. 
The area under a furnace must be covered by 
a heavy layer of dry sand. Do not permit 
moisture to collect. Do not add damp or wet 
metal to a furnace, curcible, or ladle of molten 
metal. Any of these conditions in which molten 
metal comes in contact with water or moisture 
will result in an explosion, making the metal 
splatter and fly around. Such an explosion may 
result in serious injury to foundry personnel. 

7. When tapping an indirect-arc or NR-2 
furnace, position a molder so that the rocking- 
motor emergency switch can be opened in an 
emergency. 
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CHAPTER 6 
PATTERNMAKING 


Some of the questions that you may ask 
yourself are: Why do I need to interpret blue- 
prints? What is a pattern? Patterns are made of 
what types of materials? What is the purpose 
of the many types of patterns? What are the 
allowances that are considered in making a 
pattern? Why are these allowances essential? 
What are some factors that are considered in 
pattern development? What is the purpose of 
pattern color codes? 

This chapter gives the purpose of a pattern 
and briefly explains the overall production of 
a pattern. You will also recognize the importance 
of the pattern allowances. In addition, you will 
recognize why different kinds of materials are 
used in pattern construction, and learn the use 
of each type of pattern. 


BLUEPRIN TS 


The design engineer is constantly working on 
plans for new machines or plans to improve 
existing machines. Much of his work is accom- 
plished through mathematics and mechanical 
drafting. Mathematics is used to calculate the 
strength of the parts and to determine their 
dimensions. Mechanical drafting is the means 
by which the shape, dimensions, kind of material, 
finish, and all other details of the parts are 
recorded. 

It would be almost impossible for the design 
engineer, using words alone, to convey his ideas, 
thoughts, calculations, and dimensions to the 
many users of blueprints in the construction of 
a new machine, However, through mechanical 
drafting, it is possible to record in the form of 
drawings (blueprints), every item of information 
necessary for the construction of the machine. 
Mechanical drafting, then, is really a special 
language and is defined as follows: ''A language 
which uses line, symbols, dimensions, and nota- 
tions to accurately describe the form, size, kind 
of material, finish, and the construction of an 


object.'' Therefore, blueprints make it possible 
for you to understand what is wanted. In a 
comparatively little space, they give a great 
deal of information in a universal language that 
everyone may recognize. 

The Molder must know something of how 
patterns are made, and he must be able to read 
and work from blueprints. Every mechanism 


‘and every spare part depends primarily upon 


a mechanical drawing. To the person without a 
knowledge of blueprint reading, the simplest 
drawing is likely to look like a confusing medley 
of lines and dimensions. Your first duty, then, 
is to learn the meaning of these blueprints that 
the design engineer produces, and to be able 
to recognize the various types of views that are 
used to present an object in detail. Learn to 
distinguish an outline from a hidden line, an 
extension line from a dimension line, a cutting 
plane line from a section line. 

A Molder’s first reaction to a blueprint is: 
‘Why do I need to know that?'' On the one hand, 
he easily understands that the Patternmaker, 
Machinery Repairman, Shipfitter, and other re- 
pair personnel need the ability to read blue- 
prints. On the other hand, he has a hard time 
understanding how the Molder rating is con- 
cerned with blueprints. ''After all," he tells 
himself, ''all I do is ram up what the Pattern- 
maker gives me — reading blueprints and making 
the pattern is his headache, not mine.'' The 
truth of the matter is that blueprints are among 
the Molder's more important tools. Therefore, 
he, as well as the Patternmaker, Machinery 
Repairman, and all other repair department 
personnel should understand the language in 
which they are written. 

Occasionally, the Patternmaker will design 
and construct a pattern without consulting the 
Molder. More frequently, he’ll talk it over 
with the Molder. The Patternmaker will be sure 
to consult the Molder if there is any doubt as 
to the best way to part, or otherwise, construct, 
the pattern so that it can be withdrawn easily 
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from the molding sand. How does that effect the 
Molder? Unless he is able to read a blueprint 
and to visualize the object represented by the 
various lines, he won?'t know what the Pattern- 
maker is talking about. The point is that the 
pattern parting line and pattern construction 
decisions often depend on blueprint reading. 

There are other reasons why the Molder 
Should be able to read blueprints. For example, 
to understand shop equipment thoroughly, as 
well as to make adjustments, replacements, 
and repairs to that equipment, the information 
presented on the drawings supplied by the manu- 
facturer must be interpreted. The chief or the 
leading petty officer in charge of the foundry is 
more concerned. with blueprints than the Molder 
Striker or a Molder Third Class. However, the 
time to learn the tricks of the molding trade 
is when you are advancing through the lower 
grades, not after assuming the responsibilities 
of the leading petty officer. 

The fundamentals of blueprint reading are 
presented in the Basic Rate Training Manual 
entitled Blueprint Reading and Sketching, Nav Pers 
10077-B. In this manual, you will find an ex- 
planation of the way in which a blueprint conveys 
to the trained reader the necessary information 
on sections, lines, dimensions, and allowances. 
You will learn how to interpret the data that is 
supplied in the title block of the blueprint, and 
you will become acquainted with mechanical, 
welding, and piping symbols. You will find a 
discussion of how templates are made and used; 
and you will also find some very helpful in- 
struction on how to produce technical sketches. 


When you are given a blueprint from which 
to work, look first at the title block and the 
notes (see fig. 6-1). Here you will find the name 
of the object to be produced, the scale to which 
it is drawn, the kind of material, the type of 
finish, and the number of pieces required. Other 
information, such as heat-treating data or refer- 
ence to other drawings, may also be included 
in the title block and notes. 


The scale of the drawing is important in that 
it gives you an approximation of the size of the 
object, and of the proportion between various 
parts. In actual work, however, you must be 
guided by the dimensions given on the blueprint, 
not by the scale. The design engineer may have 
deviated slightly from the scale, when he was 
producing the original drawing; or the relative 
size of the drawing may have been altered some- 
what during the process of reproducing the blue- 
print. To avoid introducing any error into your 
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Figure 6-1.— Title block. 





work, be sure to take all measurements directly 
from the dimensions given on the blueprint. 


After you have familiarized yourself with the 
information in the title block and notes, study 
the drawing itself. Concentrate on the lines, to 
determine the shape of the object. Study all the 
views until you have a clear mental image of 
the object, and can visualize it in any position. 
Until you have the precise size and shape of the 
object firmly fixed in your mind, you are not 
ready to discuss intelligently with a Patternmaker 
the partings and other details pertaining to the 
pattern. 


To test your blueprint reading ability, study 
the illustration in figure 6-2. Test your ability 
to read it. Be fair and honest in evaluating your- 
self. If you are confused about any portion of 
the illustration, review NavPers 10077-B. If 
you can visualize the object in the illustration, 
and can understand the meaning of the various 
lines employed, you are safe in assuming that 
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25.27(68)A 
yure 6-2.— Blueprint of a range finder cover 
hinge. 


1 have nequired the knowledge you will nec- 
' blueprint reading. 


PATTERNS 


The average layman, who knows little about 
indry practice, misunderstands the meaning 
the word ''pattern.'' A pattern may be defined 
a full-size model — made of suitable material 
th provisions included for molding, coring, 
1 machining —from which a refractory mold 
made. In other words, a pattern is the basis 
" all foundry molding practices. A pattern is 
(d to form the mold cavity into which molten 
tal is poured to produce a casting. As such, 
is a tool in the hands of the Molder. To the 
tternmaker, this pattern is the end product 
his work, as the blueprint is the end product 
the design engineer. 

Before discussing some factors that are con- 
егеа in the development of a pattern, it is in 
ler to discuss the different types of patterns 
] the materials and special equipment that 
| Patternmaker uses to construct patterns which 
. Molder uses to produce a casting. 


TTERN MATERIALS 


When pattern equipment is being planned, 
reful consideration must be given to the type 


of material and pattern which should be used for 
the job. Several different materials are used to 
construct pattern equipment. The complexity 
and shape of the casting and the number of 
castings to be produced will determine the type 
of pattern which should be used. 

Wood, metal, plastic, and plaster are among 
the materials commonly used to construct pattern 
equipment. Of these materials, white pine, having 
a relatively straight grain, is the material from 
which the bulk of job foundry patterns are made, 
particularly when fewer than 30 castings are 
required. When the number of castings to be pro- 
duced from a wood pattern is from 30 to 100, 
a harder, more durable wood (such as mahogany) 
is used. 

Although several different materials are used 
to construct pattern equipment, the equipment 
itself may be classified as follows: loose, single 
patterns, gated patterns, match plates or match 
boards, cope and drag patterns, and special 
equipment. The type of pattern selected depends 
partly upon the complexity and shape of the 
casting and partly upon the number of castings 
to be produced. With any class of pattern, 
cores may be required. 

Since a given casting can usually be pro- 
duced with any of several types of pattern equip- 
ment, the Molder should be familiar with the 
general characteristics of each type and the 
circumstances in which one type of equipment 
rather than another offers the greatest advantage. 


LOOSE PATTERNS 


The solid SINGLE LOOSE pattern is of 
greatest use when only a few castings are to be 
made. This is a relatively simple and cheap 
pattern because of its shape and size. Figure 
6-3 illustrates two different styles of solid 
single loose patterns. Part A of figure 6-3 
shows a simple pattern with single draft and 
a Straight parting line. This type or style of 
pattern is molded as a flat-back (the pattern 
having one flat surface for ease in molding) and 
has the least chance of tearing the molding 
sand on the edges of the mold cavity when the 
pattern is withdrawn. Part B of figure 6-3 
shows a solid single pattern with ribs and bosses 
on both the cope and drag surfaces and with 
double draft. Double draft is the term used 
when the draft on the pattern goes in opposite 
directions from the parting line. This type or 
style of pattern requires coping down of the 
parting plane to the drag half of the mold to 
establish the correct parting line for the pattern. 
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23.2'1J 
Figure 6-3.— Solid, loose pattern. 


Thus, in effect, to make a mold of the pattern 
shown in part B of figure 6-3 would require 
an extra step in the construction of the mold. 
The cost of molding and the risk of casting 
failure are increased since the pattern must be 
molded as a unit, The major molding difficulty 
is lifting off the cope (top) of the flask without 
rapping the pattern and without having the cope 
sand stick or drop out. To avoid this difficulty 
and to simplify the molding process, a single 
PARTED (split) pattern is used. (See fig. 6-4.) 
A parted pattern has cope and drag halves 
which are parted horizontally through the center- 
line. 

From the Molder's point of view, ramming a 
single loose and single parted pattern is time 
consuming since it requires the maximum num- 
ber of hand molding operations. Often the time 
required to cut gates and risers by hand equals 
the time required to make the mold itself, When 
a number of castings are made from a single 
loose pattern, the quality of the castings pro- 
duced varies because the size and shape of the 
gates and risers differ from mold to mold. 
This difficulty is most apparent when the Molder’s 
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23.67.1 
Figure 6-4,- - Parted (split) pattern. 


skill is not develop-3 sufficient y to exactly 
duplicate the desircd gaing system from one 
mold to the next. 


GATED PATTERNS 


The GATED pattern represents a step in the 
direction of quality control. It may be a single 
or multiple loose pattern as shown in figure 6-5. 
A gated pattern reduces the overall molding time 
by having permanently attached gates which 
serve to hold the several parts in their proper 
relationship to each other within the flask. 
A gated pattern cuts down the number of molding 
operations, eliminates the variation in the sizes 
of the gates, and increases production of cast- 
ings of uniform quality. Although the gates and 
risers are attached to the pattern proper, the 
designs for the gates and risers are the re- 
sponsibility of the Molder. In other words, when 
using gated patterns, the design of the gating 
system requires close cooperation between the 
Patternmaker and the Molder. 


MOUNTED PATTERNS 


Patterns attached permanently to a flatboard 
are defined as mounted patterns. Some of the 
more common types of mounted patterns are 
discussed in the following paragraphs. 

MATCHBOARD or MATCH PLATE equip- 
ment is indispensable where a large number of 
small castings are required. Even though the 
number to be produced on a single job order 
is not unusually large (say 50 to 100), a match- 
board may be used if the part is one that is 
likely to be called for repeatedly. A typical 
matchboard is illustrated in figure 6-6. The 
patterns for the individual castings as shown 
in figure 6-6 usually are made up as single 
parted patterns and mounted with the complete 
gating system on the matchboard with brads 
or woodscrews. 
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18.13X 
Figure 6-5.— Gated patterns. 


Although the advantages of molding with 
iatehboards are fully realized in the production 
jundry, the Navy Molder can also benefit through 
reir use in the bench molding. Using match- 
oards or match plates increases the Molder’s 
fficiency by eliminating nearly all hand molding 
perations, produces castings of uniform quality, 
hd increases yield by reducing the amount of 
crap in the form of rejected castings. 

COPE and DRAG pattern equipment is in 
апу respects similar to a matchboard or match 
late, The principle difference is that the drag 
ortion of the pattern is mounted on one plate, 
hile the cope portion is mounted on another. 
ee fig. 6-7.) Cope and drag equipment is 
sually used for patterns that are too large 
or conventional matchboards or match plates. 
his type of pattern equipment produces a dimen- 
ionally accurate mold with a minimum of hand 
xolding operations. A further advantage of cope 
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18.14 
Cope side. B. Drag 


Figure 6-6.— Matchboard: A. 
side. 


and drag equipment in production work is that 
two Molders can work separately on the job —one 
molds copes, while the other molds drags. In 
Navy foundries, cope and drag pattern equip- 
ment is seldom used because the volume of 
production is not sufficient to justify the cost 
of the manufacture of the necessary patterns. 


RELATED PATTERN 
EQUIPMENT 


Related pattern equipment includes follow 
boards, ram-up blocks, sand matches, sweeps, 
and skeleton patterns. (Only follow boards and 
ram-up blocks are considered here; sand matches 
are discussed in chapter 8, and information on 
sweeps and skeleton patterns is available in 
Molder 1 & C, NavPers 10585-B.) 

The follow board is a frequently used device. 
It has two main applications: to aid in the 
molding or irregular parted patterns, and to 
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18.15X 
Figure 6-7.— Cope and drag pattern equipment. 


mold patterns that would be too fragile. A 
typical follow board is illustrated in figure 6-8. 
The follow board shown is essentially a special 
molding board into which a recess has been cut 
to fit the parting line of the pattern. Its use 
is the same as that of a regular molding board. 
The name stems from the fact that the board 
is made for a particular pattern and FOLLOWS 
that pattern around during the drag’s rollover, 
Patterns having an irregular parting often may 
be molded with greater ease and accuracy with 
a follow board constructed so that its surface 
matches the pattern’s parting line. (See fig. 
6-9.) 

RAM-UP BLOCKS are special devices which 
support and prevent thin-shelled patterns from 
springing or breaking during the ramming up 


23.64 
Figure 6-8.— Using a follow board to obtain an 
irregular parting line. 


of the mold. The ram-up block must accurately 
fit the portion of the pattern that it is to support. 
For the symmetrical pattern shown in cross 
section in figure 6-10, a wood block may be 
turned on the lathe. The ram-up block may be 
made as a loose auxiliary part or may be 
fastened to the molding board, depending upon 
the preference of the Molder. 

Although the ram-up block shown in figure 
6-10 is intended to serve as a pattern pro- 
tecting and supporting device, it also serves as 
a follow board. Sometimes it is difficult to 
distinguish between a matchboard, a ram-up 
block, and a follow board. In making a distinction 
where a device serves more than one purpose, 
classify it according to its PRINCIPAL FUNC- 
TION. 

Patterns with LOOSE PIECES do not actually 
comprise a separate classification of types of 
pattern equipment. They are brought in at this 
point because they are closely related to the 





18.16X 
Figure 6-9.--rollow board. 
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18.17 
Figure 6-10.— Ram-up block. 


solution of some of the molding problems under 
discussion. 

Many patterns are of such shape that pro- 
jecting elements (bosses, undercuts, and flanges) 
which are above or below the parting line of 
the pattern form backdraft to the line of with- 
drawal of the pattern from the mold. These 
projecting elements cannot be withdrawn at the 
same time as the main body of the pattern. 
This common problem can be solved through 
the use of loose pieces and drawbacks. (Draw- 
backs are discussed in chapter 8 of this training 
manual.) 

A loose piece is defined as a pattern part 
that remains in the mold while the main body 
of the pattern is withdrawn. The loose piece is 
carefully drawn from the mold wall into the 
main mold cavity, then lifted from the mold. 
(See fig. 6-11.) This is called "picking-in."' 
It is good foundry practice for the Molder to 
immediately replace the loose pieces on the 
pattern to make sure that all the loose pieces 
have been picked out of the mold cavity. 


CORE BOXES 


Core boxes are actually negative patterns. 
When looking at a pattern, one sees the casting 
in its actual shape. A core box, on the other 
hand, Shows the cavity which will be created 
by the core. Core boxes are used not only to 
make cores for holes in castings but also to 
make parts of a mold. In some cases, a pattern 
cannot be made so that it can be drawn; when 
this is true, the part of the casting which would 
hinder drawing is made as a core that can be 
placed in the mold after the pattern has been 
withdrawn. Cores, core boxes, and coremaking 
are discussed in chapters 9 and 10 of this 
training manual. 







CORE PRINT 


CORE PRINT CAVITY 





18.22 
Figure 6-11.— Pattern with loose pieces. 


PATTERN ALLOWANCES 


A pattern must embody certain allowances 
if it is to satisfactorily play its part in the 
finished product. For example, a pattern must 
provide shrinkage (contraction) allowance and 
distortion allowance during the casting's solidi- 
fication; it must possess sufficient draft to 
enable the pattern to be withdrawn from the 
mold; it must allow for machine finishing, and 
it must provide machining lugs for machine 
setup in the machining process for the finished 
casting. 


The Molder is concerned with whether or 
not the pattern can easily be removed from the 
sand after ramming. This is the step at which 
mold damage is likely to occur, and since damage 
must be repaired by hand, it always means 
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extra work and lost time. To avoid the possi- 
bility of such damage, two factors — draft and 
parting— must be considered when the pattern 
is being made. 


DRAFT 


Draft is the amount of taper given to the 
Sides of projections, pockets, and the body of 
the pattern so that the pattern may be with- 
drawn from the mold without breaking the sand 
away. The amount of allowance for draft or 
taper will vary from shop to shop, but standard 
practice seems to provide for a taper of not 
less than 1?. Usually, this allowance is added 
to the pattern. In green sand molding, interior 
surfaces of patterns require more draft than 
exterior surfaces, because of the lower strength 
of isolated volumes of sand. If it does not distort 
the functional lines of the casting, liberal draft 
should be on the pattern. The matter of pattern 
draft is a responsibility of the Patternmaker; 
if you have trouble with pattern removal, however, 
it may be caused by insufficient draft. Draft 
also applies to core boxes. The breaking of sand 
due to improper draft is indicated by the letter 
"D'" in figure 6-12. The same pattern with 
correct draft is shown in figure 6-13. 


PARTING 


There are two methods of parting a pattern: 
straight parting and curved parting. Whenever 
possible, a straight parting should be used, 
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102.119 
Figure 6-12.— Mold broken due to a lack of draft. 
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102.120 
Figure 6-13.— Clean pattern draw with correct 
draft. 


for it will prove simpler to handle in the molding 
process. The line or the plane that is selected 
for the parting should cut the pattern so that 
the separated parts correspond exactly in size 
and in shape. However, this symmetry is not 
the deciding factor in locating the parting line. 
First consideration must be given to how the 
whole piece can be molded to produce a sound 
casting. When this decision is made, you choose 
the parting line that will give the best draw, 
and will require the minimum number of cores 
and loose pieces. 

Figure 6-2 shows the hinge portion of a 
range finder cover. This blueprint was selected 
because it illustrates a type of casting com- 
monly required in Navy foundries. Study this 
figure, and decide where you would locate the 
parting in the hinge pattern, to provide casting 
soundness and a straight line parting. You will 
probably decide that a plane along the center 
line in the lower view of the object will be the 
most practical parting line to use. This is, in 
fact, the parting line that the Patternmaker 
selected when he made his layout and constructed 
the pattern. 


CONTRAC TION 


After molten metal freezes, or after molten 
metal changes from a liquid state to a solid 
State, contraction takes place. That is, as the 
metal cools from the high temperature solid 
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state to room temperature, the volume or the 
dimensions of the metal will decrease. There- 
fore, the Patternmaker must provide extra allow- 
ance for contraction (shrinkage) on the pattern 
so that the casting will meet the intended design 
dimensions. To allow for contraction, he will 
construct the pattern slightly oversize using a 
shrink rule which is somewhat longer than a 
standard rule. The size of a shrink rule allows 
for contraction of the metal in question. For 
example, a 1/4-inch shrink rule is 12-1/4- 
inches long. However, the markings would indi- 
cate that it is only 12 inches long. 

The amount of contraction (shrinkage) varies 
with the type of metal. For example, in table 
6-1, gray cast iron will have a shrinkage of 
1/8-inch per foot in open construction. For cast 
steel, the shrinkage is 1/4-inch per foot. Not 


only does the amount of contraction vary with 
the type metal, but the amount of contraction 
also varies with the casting design and mold 
construction. For example, light and medium 
steel castings of simple design and without 
cores normally would be constructed using a 
1/4-inch shrink rule; on the other hand, 3/16- 
inch rule would normally be adequate for pipes 
and valves where there is a considerable re- 
sistance offered to the contraction of the steel 
by the mold and cores. Pattern contraction 
allowances for various metals and mold con- 
struction are listed in table 6-1. 


DISTOR TION 


Many times a casting is of a design which 
results in cooling stresses that cause distortion 
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Table 6-1.— Pattern Contraction Allowances for Common Cast Metals 
























Casting alloys Pattern dimension 


Upto 24 іп. ..... . 
From 25 to 48 in... 
Over 48 in. ...... 
Upto 24 іп. ...... 
From 25to 36 іп. .. 
Over 36 in. ...... 


Gray castiron ...... 



























Type of construction 


Open construction 
Open construction 
Open construction .. 
Cored construction. 
Cored construction.. 
Cored construction. . 






Section 
thickness, 
inches 





Contraction, 
inches per foot 


ел 1/8 
TP 1/10 
: 1/12 

its 1/8 

: 1/10 
i 1/12 


Cast зї{ее1.......... Upto24in. ..... Open construction . .. 1/4 
From 25 to 72 in. . . | Open construction . .. 3/16 
Over 72 in. ......|Ореп construction ... 5/32 
Upto 18 іп. ..... . | Cored construction. .. 1/4 
From 19 to 48 іп. . . | Cored construction... 3/16 
From 49 to 66 in. . . | Cored construction... 5/32 
Over 66 in. ...... Cored construction. .. 1/8 











Upto 48 іп. ...... 
49 to 72 іп, ...... 
Over T2 dn. ...... 
Upto24in. ...... 
Over 48in. ...... 
From 25 to 





Magnesium... ...... 





Over 48 in. 
Upto24in. .. 


Brass Д оо ө е 9 ө e e e e e 


pees ° ° eal dE ° ` КЕККЕ КУ КОО 


Open construction ... 
Open construction . 
Open construction . 
Cored construction... 
Cored construction... 
Cored construction... 


Up to 48 in. Open construction ... p 11/16 


Open construction ... 
Cored construction... 
Cored construction... 

















5/32 

9/64 

1/8 

5/32 

9/64 to 1/8 
1/8 to 1/16 










5/32 
5/32 
5/32 to 1/8 
3/16 


1/8 to 1/4 
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in the finished casting. The design may also be 
such that it cannot be corrected in the design. 
In such a case, the experience of the Molder 
and Patternmaker must be relied upon to produce 
a good casting. Distortion allowances must be 
made in a pattern and are usually determined by 
experience. 


CASTING THICKNESS 


The minimum thickness that can be cast is 
determined by the ability of the metal to flow 
and fill thin sections without using an excessive 
pouring temperature. The minimum section thick- 
ness through which a metal will normally flow 
is indicated in the following guide: 


METAL INCH 
Сав{&їїөп............. 1/8 
Steele s. ons crecer db dics eck o лез 3/16 
Brass and bronze. . . . . . . . . 3/32 
Aluminum. .. . . . . «eee. 5 1/8 


These minimum dimensions for thin sections 
may vary slightly with the composition of the 
alloy, pouring temperature, and size or design 
of the casting. 

An erroneous conception held by many is that 
the strength of a cast part necessarily increases 
along with greater section thickness; research 
has shown that this is not true. Actually, the 
strength and ductility of a metal, as measured 


at the center of a cast section and to a lesser 
degree at the outside, decreases as the mass 
increases. Therefore, the Patternmaker may 
construct a pattern with a massive section only 
when light sections reinforced by ribs or hollowed 
portions will not accomplish the purpose de- 
sired. He will also consider the minimum section 
thickness when constructing the pattern. 


MACHINE FINISH AND 
TOOL CLEARANCE 


Two allowances, in addition to those already 
mentioned, are frequently required: machine 
finish allowance and tool clearance allowance. 
Machine finish allowance should be provided for 
all areas of a casting that require machining. 
This allowance is made to provide metal stock 
for machining requirements. The amount of 
machine finish allowance depends upon the type 
metal, the shape and size of casting, the loca- 
tion of the surfaces in the mold that require 
machining, and warpage tendency. Machine finish 
allowances for castings of various sizes and 
metals are indicated in table 6-2. Additional 
machine finish allowance will be required when 
the allowance is cast in the cope surface. Why? 
Because sand or slag may come to the surface 
in the cope. Therefore, whenever possible, the 
Patternmaker designs the pattern so that the 
surfaces to be machined will be located in the 
drag section of the mold. 


18.107X 


Table 6-2.— Machine Finish Allowance Guide 


Casting alloys 


Cast iról .4 43 V жэ уз узуу» 


Cast steel .. 


Brass, bronze, and aluminum 
alloy castings. 


Up to 12 in 
13 to 24 in 
25 to 42 in . 
43 to 60 in 
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Tool clearance is sometimes formed on a 
pattern to provide an opening for a tool to enter 
when you are finishing sections of the casting 
that are partially or entirely closed. Careful 
consideration should be given when tool clear- 
ance is necessary so as not to weaken the 
casting. 

From the standpoint of the Machinery Re- 
pairman the provision of adequate tool clear- 
ance is just as important as extra metal for 
machining. The Molder has little concern with 
this allowance except as it may relate to the 
location of gates and risers. At any rate, there 
must be sufficient space to start and finish 
the cut. 


MACHINING LUGS 


Consideration should be given to ways to 
facilitate the handling of castings during the 
machining process. Provisions should be made 
on the pattern to hold the casting or to prevent 
distortion of the casting. Therefore, a little 
extra work on the part of the Patternmaker and 
the Molder (bosses, lugs, feet for leveling, or 
a bridge) will often save hours of machine 
shop time. Generally, these provisions do not 
appear on the blueprint, but they do appear as 
projections on the pattern and the casting. Their 
location, however, will depend on the facilities 
and the requirements of the machine shop. As 
a Molder 3 or Molder 2 you should have a 
working knowledge of the various machine shop 
tools and the methods of mounting work for 
machining. 

Remember, the addition of machining pro- 
jections to the pattern increases the metal 
thickness in the casting, creating hot spots and 
resulting in a weak casting. When provisions 
for machining purposes are made, all pro- 
jections should be treated as a part of the 
casting as well as being treated as a boss 
Or a pad. 


PATTERN DEVELOPMENT 


As previously mentioned, the Patternmaker 
occasionally designs and constructs a pattern 
without consulting the Molder. If necessary, 
he will talk it over with the Molder, especially 
if there is a question as to the best way to part, 
or otherwise construct, the pattern so that 
it can easily be drawn from the sand. Since 
decisions as to construction and parting lines 
frequently depend upon the blueprint, the Molder 


must clearly understand the blueprint and the 
problems of patternmaking, before he can talk 
in realistic terms about the kind of pattern 
required. 

In considering patterndevelopment, you should 
ask yourself such questions as the following. 


Is the required object a solid one? 

Does the object contain void spaces? 

Will the removal of the pattern from the sand 
be a comparatively simple operation? 

Should the pattern be made in one piece, 
or should it be split? 

If a split pattern is decided upon, where 
should the pattern be parted? 

Will loose pieces be necessary? | 


Answers to the above and similar questions 
are important. For example, if the object to be 
made has hollow spaces, cores must be used 
to produce these voids. If the object has pro- 
trusions, some provision will have to be made 
in order to be sure that the protruding parts 
can be removed from the sand without too much 
difficulty. Perhaps the pattern will have to be 
made with loose pieces; or perhaps a parting 
of the pattern will take care of the problem. 


You will find that solid, one-piece patterns 
are seldom used. They will accommodate only 
the simple objects, such as flanges. Most of 
the Navy Molder's work will require the use of 
Split patterns, with the component halves fitted 
with special dowels to hold them in accurate 
alinement while the mold is being rammed. 


After considering the previous questions, 
the Patternmaker next proceeds to make a full 
size layout, which he uses as a guide in making 
the pattern. The layout includes the necessary 
pattern allowances. As he develops the layout 
from the blueprint, he is careful to doublecheck 
each measurement to ensure accuracy. Once 
the layout is completed, however, he will take 
all his measurements from it, in preference 
to the blueprint, since the layout measurements 
represent true length plus necessary allow- 
ances. A layout of a hinge is shown in figure 
6-14. This layout also indicates how machining 
allowances are made on a part that has machined 
surfaces cast in both the cope and the drag. 
The shaded areas on the two lower and the 
two upper surfaces in the lower view show the 
allowances made. On the lower surfaces, this 
allowance is 1/8 inch; on the upper surfaces, 
the machining allowance is 5/32 inch. On one 
surface of the side view (upper view), the 
allowance is 1/8 inch. 
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23.27(68)E 
Figure 6-14. — Layout for a hinge. 


SHAPING AND FINISHING 


Between completion of the layout of a pattern, 
and completion of the pattern itself, there are 
a number of steps that the Patternmaker must 
perform. He must select the stock from which 
he will make the pattern, and size it; he must 
insert the dowels that hold the two parts of the 
pattern together along the parting line; he must 
transfer lines from layout to stock; and he must 
cut, shape, sand, shellac, number, and other- 
wise finish the pattern. 

Transferring measurements from the layout 
to the stock, and shaping the pattern, are not 
separate steps, but depend to a large extent 
upon each other. A certain amount of shaping 
must be completed before additional measure- 
ments can be transferred from layout to stock. 
For a particular job, it may be possible to set 
up a precise step-by-step procedure, but such 
a procedure cannot be established for all patterns. 

When carving and shaping have been com- 
pleted, the pattern is ready for sanding and 
shellacking, and (still using the hinge layout 
as an example) will look like the illustration 
in figure 6-15. This illustration shows a hinge 
pattern built up from solid stock; had it been 
built up from several pieces of pattern pine 
secured together, it would have been necessary 
to glue leather fillets in all corners where the 
pattern surfaces intersect. 

All sharp edges, with the exception of the 
edges of the parting line, must be chamfered 
before the pattern is sanded. This rounding off 
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68.96 
Figure 6-15.— Finishing a pattern. 


of the corners facilitates withdrawal of the 
pattern from the mold, and also helps to keep 
the edges of the pattern from splitting. 

Sanding is a very important procedure. Any 
marks that are left upon the pattern are going 
to be transferred tothe surface of the mold cavity, 
and thence to the surface of the casting. The 
sanding, therefore, should eliminate all marks 
of the carving tool, and smooth off the pattern 
surface. No casting can possibly be smoother 
than the pattern from which it has been made. 

The final step, shellacking, is not to improve 
the appearance of the pattern, but to give it 
a protective coating that will prevent the ab- 
sorption of moisture from the damp molding 
sand. 
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C102.1.1X 
Figure 6-16. — Standard Color Code — 1932. 
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C102.1.2X 
Figure 6-17.— Tentative Standard Color Code — 1958. 
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PATTERN COLOR CODES 


In order to designate certain parts of the 
pattern, the practice of painting the patterns 
various standardized colors have been adapted. 
The coloring of the various parts of the pattern 
prevents embarrassing and costly mistakes in 
the foundry; the Molder can tell at a glance 
what the molding routine should be. In addition, 
the coloring is used as an aid in getting all 
of the pattern parts properly assembled. For 
example, one color may be used to represent 
that part of a pattern which, when cast, will 
be in the ''as-cast'' condition. Another color 
may be used to show other parts representing 
the core prints or projection(s) for the open- 
ings of a hollow casting. 

One method of standardizing the pattern color 
code has been prepared and adopted by the 
American Foundrymen’s Society (formerly the 
American Foundrymen's Association). This color 
code has been approved and recommended for 
Navy use by the Bureau of Ships. This color 
code known as the Standard Color Code —1932 
is illustrated in figure 6-16 and is as follows: 


1. Black-— identifies surfaces to be left un- 
finished. 

2, Red— identifies surfaces to be machined. 

3. Alternating red and yellow diagonal stripes— 
identifies seats of and for loose pieces. 

4. Yellow — identifies core prints and seats 
for loose core prints. 

о. Alternating black and yellow diagonal 
stripes — identifies stop-offs. 

6. (Optional) —A white line may be used for 
the indication of any change in the direc- 
tion of draft. 


This pattern color code has been adopted as 
standard practice by the Joint Committee on 
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Pattern Standardization, which is sponsored by 
the American Foundrymen’s Society and consists 
of official representatives from various national 
organizations. This standard was approved as 
the American Tentative Standard B-45, 1— 1932 
by the American Standards Association, and as 
Commercial Standard CS 19-30 by the Bureau 
of Standards, U.S. Department of Commerce. 


Another method of standardizing the color 
code is the Tentative Standard Color Code which 
may be adopted for new patterns. All new patterns 
should be painted in accordance with the stand- 
ard practice adopted as of 1958 by the Pattern 
Colors Committee, Pattern Division, American 
Foundrymen's Society. This standard, illustrated 
in figure 6-17 is as follows: 


1. Clear coating — identifies unfinished cast- 
ing surfaces, the faces of core boxes, and the 
pattern or core box parting faces. 

2. Red — identifies surfaces to be machined. 

3. Aluminum — identifies seats of and for 
loose pieces. 

4. Black— identifies core prints and seats 
for loose core prints. 

5. Green — identifies stop-offs. 

(Optional) — A white line may be used for 
the indication of any change in the direction 
of draft. 


Places where cores will cut through to the 
exterior of the casting, as well as the core out- 
line on the joints of parted patterns, are indi- 
cated by the same color as are core prints. 
This practice is known as the MOLDER’S BLUE- 
PRINT. A Molder's blueprint should be included 
on all patterns as necessary. Painting the parting 
surfaces in this manner will prevent the possi- 
bility of positioning cores end for end and will 
eliminate other costly mistakes. 


CHAPTER 7 
MOLD MATERIALS AND TESTS 


The function of a mold material is to main- 
tain the shape of the casting cavity while the 
molten metal is being poured into the cavity, 
and until the molten metal has solidified. The 
molding material, therefore, must possess cer- 
tain specific properties: (1) strength to resist 
the eroding action of the molten metal flowing 
into the mold; (2) strength enough to support the 
weight of the metal when the mold is being filled; 
(3) refractoriness to resist the high temperature 
of the molten metal without fusing; (4) porosity 
(permeability) sufficient to permit the escape 
of steam and gases that are generated during 
pouring; (5) cohesiveness when moistened, so as 
to provide sufficient bond to hold the grains 
together; and (6) weakness (collapsibility) suffi- 
cient to permit the casting to shrink during 
solidification without setting up undue stresses 
and strains, 


An understanding of sand terminology is the 
basis or foundation upon which the knowledge of 
molding and coremaking may be built. Therefore, 
before you can understand the subject matter 
related to mold materials and test, you must 
know the terms used in this specialized branch 
of foundry practice. 


TERMINOLOGY 


To the Navy Molder, certain properties of 
sand are more important than others, and equip- 
ment for testing for these properties is provided 
aboard repair ships. Then there are other prop- 
erties, that are perhaps not so important in ship- 
board use, but with which the Molder should be 
familiar. The properties of chief importance 
are permeability, green compressive strength, 
dry strength, moisture content, clay content, 
grain fineness, and refractoriness. 


Sand control is absolutely necessary to the 
production of good castings, and the only sure 
way of determining the properties of molding 


and core sands is to make tests. Sand requires 
periodic testing to ensure that it is in proper 
condition. Records of tests, with appropriate 
comments upon the types of castings made, and 
any defects which occur, can be of great assist- 
ance to the foundry shop in future jobs. 


Testing sand to determine grain shape, grain 
class, fineness, andclay content are qualifications 
for advancement to ML1 and MLC. However, 
since the interdependence of properties makes 
it difficult to give a clear and realistic picture 
of these sand properties without discussing them 
all, a brief discussion is necessary in this train- 
ing manual. 


Texture refers to the relative smoothness of 
a material to "feel" or, more precisely, to the 
manner in which the particles of substance are 
united. The texture of sand is influenced by 
several factors; the most important are grain 
size, grain distribution, grain shape, and bonding 
agent. 


The GRAIN SIZE of sand particles varies 
over a wide range. Some grains are as large as 
number 6 wire-mesh screen opening (0.1320 
inch). Other grains are sosmallthey pass through 
a number 270 wire-mesh screen (0.0021 inch) 
opening. The size of the particles, their distri- 
bution, and the grain fineness number of a particu- 
lar sand are determined by a sieve analysis. 


A screen analysis consists of passing a sample 
of sand through a series of interlocked sieves, 
measuring the percentage retained on each sieve, 
and calculating the AVERAGE grain size in the 
sample through a procedure standardized by the 
American Foundrymen’s Society. The result ob- 
tained is the GRAIN FINENESS NUMBER (GFN). 
Although you will not be concerned with sieve 
analysis, you should know something about grain 
fineness numbers. A small fineness number 
indicates a sand having large grains; a large 
number indicates a sand having small grains. 
For example, a grain fineness number of 50 
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indicates a coarse sand that is made up pre- 
dominantly of large grains, while a grain fine- 
ness number of 140 indicates a fine sand that 
is made up predominantly of small grains. 


Two sands having the same fineness number 
are not necessarily identical, since differences 
in grain shape, grain distribution, and clay con- 
tent may exist. Such differences can affect the 
permeability and the potential strengths of the 
sands. 


Since different sands are usually made up of 
particles which contain different grain fineness 
numbers, another system, the GRAIN FINENESS 
CLASS numbers, has been devised to classify 
sands. The class to which a given sand is 
assigned depends upon its GFN and upon the 
range or zone into which its GFN falls. For 
example, as shown in table 7-1, sand that has 
a GFN of 120 (as determined by a sieve analysis) 
is classified as a class 3 sand. 


GRAIN SHAPE may be round, angular, sub- 
angular or compounded: round grains are spheri- 
cal; angular grains have sharp edges and corners 
that have been fractured; subangular grains have 
partially rounded corners; and compound grains 
are two or more grains cemented together. 


When rounded grains are rammed, they give 
greater permeability than other grain shapes 
because they have the least area of contact 
between grains. As a result, round grain sands 
have lower green strength and require less 
binders. 


18.110 
Table 7-1.— Relation of Grain Fineness Class to 
Grain Fineness Number 


Fineness No. 


To but not 
including-- 
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Angular grain sands give lower permeability, 
higher green strength, and they normally re- 
quire greater amounts of binders. 

BOND, or BINDER, is the material added to 
a Sand to hold the individual grains together, 
and provide a satisfactory molding material. 
The type of binder may be clay (fireclay, western 
bentonite, or southern bentonite), cereal flour, 
dextrine, or rosin. 

The amount and type of binder used will 
affect three of the sand properties described 
later on— permeability, green strength, and dry 
strength. Effect on permeability depends upon 
the moisture content of the sand. For example, 
the addition of bentonite to a sand having a 
moisture content of 2 percent causes a rapid 
decrease in the permeability of the sand. When 
bentonite is added to a sand that has a moisture 
content of 4 percent, permeability at first de- 
creases, but becomes fairly constant as soon 
as a 4-percent content of bentonite is reached. 

When the moisture content of a sand is 
maintained at a given value, the addition of a 
clay binder will increase the green strength of 
the sand. This increase is greater when bentonite 
rather than fireclay is used. The use of southern 
bentonite produces a high green strength, and 
a low dry strength. It is often used where low 
dry strength is acceptable, because it promotes 
easy shakeout of the castings. It is also used 
for casting alloys that have a tendency to hot 
tear. Any bentonite-bonded sand can be given 
a higher dry strength by adding cereal flour 
and dextrine. In fact, the nonclay binders (cereal 
flour, dextrine, rosin) are often used as addi- 
tives to support or to modify the action of the 
clay binders. 

The cereal binders are wheat flour and corn 
flour. Their influence upon the properties of a 
molding sand is not identical. A corn flour 
binder has the effect of slightly improving the 
green strength, and decidedly improving the 
dry strength. Wheat flour contributes very little 
to the green strength, but improves the collapsi- 
bility of the sand. 

Dextrine binders, being a form of sugar, 
produce a much higher dry strength than do 
cereal binders, but cause a reduction in green 
strength. Molasses is sometimes used as a 
substitute for dextrine, but its influence on 
the sand properties is weaker. 

Rosin binders are used principally as core 
binders, or in sand mixes for dry sand molds. 
After a rosin-bonded sand has been baked, it 
has a very hard surface. However, it will absorb 
moisture, and for this reason molds and cores 
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that have been made with rosin-bonded sands 
should not be allowed to stand, but should be 
used as soon as possible after baking. 

COLLAPSIBILITY has been noted as one of 
the properties of a sand that can be improved 
by using wheat flour as a binder. On first sight, 
it would appear that this particular quality would 
be an undesirable one. Nevertheless, it has a 
distinct advantage in core sands. When you come 
to the point of removing from a mold a casting 
in which cores have been used, you will find 
that if the core mix had insufficient collapsi- 
bility, it will be very difficult for you to shake 
out the cores. 

The property of collapsibility goes hand in 
hand with that of hot strength; and these two 
qualities are discussed at somewhat greater 
length at the end of this section on sand termi- 
nology. 

Mention of the ease with which a casting may 
be shaken from the mold brings us toa considera- 
tion of the REFRACTORINESS of a sand. This 
is the property that ensures that the sand used 
in the mold will strip clean from the casting. 
This resistance to high temperature depends 
chiefly upon the composition of the sand; for 
example, if lime is present in the form of 
calcium-oxide or calcium-silicate, it can lower 
the fusion point. 

Even if the fusion point of the sand is high, 
the sand still may fuse to the casting if grain 
shape, grain size, and grain distribution are 
not uniform. The Molder must take precautions 
to select the right sand for the job at hand. 

SINTERING POINT is the degreeof tempera- 
ture at which a given sand will break down and 
fuse onto the casting. The refractoriness of the 
sand is therefore frequently expressed in terms 
of its sintering point. It is obvious that the 
sand in the mold cavity must have the ability 
to withstand the temperature of the molten 
metal poured to make the casting. Sand suit- 
able for aluminum castings might not be service- 
able when heavy steel or cast iron sections 
are to be cast. 

PERMEABILITY is the property that per- 
mits the passage of air, gases, or steam through 
the sand. Since it is the openings between the 
grains that permit passage of gases, permeability 
depends upon four factors: shape of the sand 
grains, fineness of the sand grains, type and 
amount of binder, and moisture content. 

The permeabilities of four typical foundry 
sands are shown on the chart reproduced in 
figure 7-1. These foundry sands, as indicated 
by their grain fineness numbers, range from 





PERCENT OF MOISTURE 


102.41 
Figure 7-1.— Permeability of four typical foundry 
sands. 


coarse to fine. The coarse sand has a high 
permeability, because of the greater propor- 
tion of large sand grains, and the larger voids 
between the grains. The other sands have lower 
permeabilities, because the average grain size, 
and the voids between grains, are smaller. 

This chart also indicates the manner in 
which the permeability of each sand varies 
according to moisture content. As moisture 
is first added, it causes the clay particles to 
stick together, enlarging the spaces between 
grains. As more water is added, the excess 
moisture fills up these spaces between the 
grains, and the permeability decreases. 


Free passage of gases through the sand 
is not always desirable, since rough castings 
may result. On the other hand, if the sand 
permeability is too low, blows or similar gas 
defects may occur because of the back pres- 
sure of gas that cannot escape through the mold. 
The permeability of a sand, therefore, must be 
considered in relation to the specific job for 
which it is being used. 


FLOWA BILITY is that property that enables 
sand to move freely and pack uniformly. Free 
movement ensures that the grains of sand will 
arrange themselves satisfactorily around the 
contours of the casting pattern. If the sand does 
not flow properly, the pattern details will not 
be sharply reproduced, and the casting will 
be inaccurate and probably unsuitable for use. 
Uniform packing ensures that the sand will ram 
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up without the formation of voids on the face 
of the mold. 

Round grains increase flowability but when 
compared with angular grains, the sand has less 
rigidity to hold its shape after the mold has 
been rammed. A combination of round and angular 
grains, together with a uniformly distributed 
bonding agent and the proper moisture content, 
makes a suitable sand. The shape and distribu- 
tion of grains in the available sands must remain 
to a large extent the responsibility of the supply 
department. In preparing his sands for specific 
jobs, however, the Molder can control bond 
distribution and moisture content. 

STRENGTH of a sand may be expressed as 
dry strength, green strength, tensile strength, 
or shear strength. It is the property that enables 
the mold sand (or core sand) to withstand the 
forces that tend to deform the mold during the 
casting process. 


The same factors that control permeability 
also control strength; that is, the factors of 
grain fineness, grain shape, amount and type of 
binder, and moisture content. Mulling practice 
also affects the green strength of foundry sands. 
The effect which bond has can be different on 
the green strength than it is on the dry strength, 
as is explained in the section, ''Binders.'' Both 
dry and green strength are affected in about 
the same way by grain shape, grain fineness, 
and moisture content, 


GREEN COMPRESSIVE STRENGTH is the 
strength factor with which the ML3 and ML2 will 
be chiefly concerned. This is the strength of 
molding sand just after it has been tempered. 
(Temper, as a verb relating to sands, means 
mixing sand with sufficient water or oil to 
develop desired molding properties). Green 
strength is expressed as the number of pounds 
of compressive force per square inch that is 
required to crush a standard specimen. This psi 
figure represents the strength which the molding 
sand must have in order to withstand handling 
during the molding operation, and to maintain 
the shape of a mold that is poured soon after 
completion. Green compressive strength is easily 
the most useful property of the foundry sands 
used in Navy foundries. 

Green strength is generally higher in the 
finer sands, because the smaller grain size 
makes for a greater area of contact between 
the many grains. An equivalent amount of coarse 
sand will have a much smaller contact area 
between grains. As sand changes from coarse 
to fine, its green strength increases. 


Figure 7-2 indicates the relative green com- 
pressive strengths of sands of the grain class 
numbers frequently used in shipboard foundries. 
The corresponding fineness number range for 
each class is also shown; the higher the fine- 
ness number, of course, the finer the sand. 
Actual differences between green strengths will 
not be as clearcut as suggested by the graph. 
There will always be some degree of overlapping 
between areas, depending upon differences in 
sand grain distribution within sands having the 
same fineness numbers. 

MOISTURE content of a sand has an effect 
on green strength that is similar to its effect 
on permeability. Green strength increases with 
added moisture up to a point where it reaches 
maximum strength; it then starts to decrease 
with added moisture. In general, moisture has 
the same type of effect upon the dry strength 
of a sand, although the type of binder introduces 
variations. 

Inasmuch as moisture can vary without any 
change being made in grain fineness or grain 
shape, moisture tests must be made before sands 
are used for specific jobs. Moisture content 
of a particular sand must be a certain amount 
at the end of the mulling period. For this 
reason, the discussion of testing for moisture, 
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102.42 
Figure 7-2.— Green compression strengths for 
sands of different grain class numbers. 
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permeability and green strength appear in a 
later section, ''Testing Foundry Sands.'' 

HOT STRENGTH is the strength that a molding 
sand has when it is at the pouring temperature 
of the specific metal. It is the strength that 
the sand mixture must have if it is to retain the 
mold shape before solidification of the molten 
metal starts. (Do not confuse it with retained 
strength, which is the strength of the molding 
sand after it has been heated by the molten 
metal, and then allowed to cool to room tempera- 
ture.) 

Hot strength and collapsibility are two prop- 
erties that must be considered together. The 
ideal foundry sand should have a high hot strength 
and a good collapsibility; however, this com- 
bination is a difficult one to attain unless a 
very close control of the sand has been main- 
tained during processing. Testing for these two 
properties is not possible with the equipment 
available aboard ship, and determinations have 
to be made on the basis of observation. You can 
check on hot strength and collapsibility by ob- 
serving the sand when you shake out a casting. 
If you have difficulty in removing the sand from 
deep pockets, it lacked adequate collapsibility. 
If you find a hot tear in the casting, the sand 
lacked collapsibility, or the hot strength was 
too high. 

DURABILITY of the molding sand is that 
property that enables the sand to retain its clay 
content in a state of fine subdivision or dispersion 
after the pouring of the molten metal. The 
durability is the result of a number of factors. 
Clay that is in the molding sand in its natural 
state or is added to the sand, is distributed 
over the surface of the individual grains when 
the molding sand is properly mixed. When the 
molding sand has moisture added for tempering, 
the distributed clay in the sand will become 
Sticky and adhere to the individual grains of 
sand. In addition, the clay also closes up the 
openings or voids between the grains, giving 
the molding sand strength but reducing per- 
meability. 

When molten metal comes in contact with the 
molding sand, the sand is overheated, causing 
the clay to be converted into grains. Therefore, 
when the sand is retempered for use, the grains 
(converted clay) will not soften and become 
sticky again. The clay that remains in the molding 
sand will be redistributed over the sand grains. 
However, repeated use of molding sand thins 
out the coating of clay on the sand grains and 
decreases strength and increases permeability. 
Clay content of the molding sand can be restored 


by adding clay in the proper amount and mixing 
and working the sand thoroughly in a sand 
muller. 


It is, therefore, necessary to control the 
amount of clay added to the sand in order that 
both strength and permeability may be main- 
tained. The addition of clay to the used sand 
may be accomplished by two methods: (1) adding 
unused (new) molding sand, or (2) adding small 
quantities of a suitable clay. The addition of 
either material is merely a corrective measure 
in the control of the clay content of the heap 
sand. 


At the beginning of this section you were told 
that the various properties of foundry sand are 
to a great extent dependent upon each other, and 
that no single factor can, by its proper control, 
ensure that the casting you produce will be 
satisfactory. Now that you have learned some- 
thing about the most important properties, a 
summary of how variations in specific factors 
can affect the casting (Table 7-2) will be a 
helpful guide to you in your actual work. 


FOUNDRY SANDS 


As previously mentioned, grain shape may 
be round, angular, subangular, or compound. 
In addition, foundry sands may also be graded 
as open or close, coarse or fine, and as strong, 
medium, or weak. An open grade sand has a 
high permeability and contains a greater pro- 
portion of large grains. A close grade sand 
has a low permeability and contains a greater 
proportion of fine grains. Coarse and fine grades 
refer to the grain size. A strong sand is one 
containing a large amount of clay or binder; 
a medium sand contains a lesser amount of 
clay or binder; a weak sand contains a still 
lesser amount of clay or binder. 


Foundry sands may be of three types— 
natural bonded, synthetic, and oil bonded. A 
natural bonded sand contains a sufficient amount 
of clay bond—either present when the sand was 
taken from its deposit site, or added before 
shipment — to make the sand suitable for im- 
mediate use. Adding moisture and tempering 
the sand is the only treatment necessary in the 
foundry shop. A synthetic or oil bonded sand 
is one made by mixing correct proportions 
of an unbonded sand and a suitable binder such 
as clay, and then tempering the mixture with 
water or oil. 
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Table 7-2.— Effects That Variations in Specified Factors in Molding Sand May Have Upon Castings 





Variation 


Sand too fine 


Factor 
Grain fineness 
Sand too 
coarse 


Too much 
binder 


Binder 


Too little 
binder 


Too high 


Moisture 
content 


Too low 





The molding and core sands stocked at Navy 
foundry activities must meet established specifi- 
cations, but the tolerances are broad enough 
to accommodate the variations due to weather, 
production methods, and type of work that must 
be produced. Activities usually have natural 
bonded silica and unbonded washed silica. Natural 
bonded sand must meet American Foundry- 
men's Society (AFS) standards; the unbonded 
sands are used for synthetic sands, oil bonded 
sands, or core sands. However, stocks on hand 
are generally limited to a 6 months’ supply, 
and it may frequently become necessary to 
procure additional supplies locally. It is im- 
portant, therefore, that Navy Molders be familiar 
with sand properties and characteristics, and 
know how to test for them. 


NATURAL BONDED SANDS 


The space for sand stowage aboard ship is 
limited, and consequently you will find only a 
limited number of grain fineness classes avail- 
able in your foundry. 

In general, it is not a recommended practice 
to use natural bonded sands for monel, cast 
iron, or steel. All these metals have high pouring 
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Effect 


Permeability reduced, green strength increased. 

Possible defects: 
scabs, misruns. 

Permeability increased, green strength decreased. 

Possible defects: rough casting surface, and metal 
penetration. 

If moisture content is too low, permeability de- 
creased, green strength increased. 

Possible defects: hot cracks, tears, scabs. 

Permeability high, green strength low. 

Possible defects: 
stickers. 

Permeability and green strength decreased. 

Possible defects: 
tails, pinholes, metal penetration. 

Permeability and green strength too low. 

Possible defects: 
castings. 


blisters, pinholes, blowholes, 


drops, cuts, washes, dirt, and 
blows, scabs, cuts, washes, rat 


drops, cuts, washes, and dirty 


temperatures. The silica in natural bonded sands 
has a lower refractoriness than a high quality 
silica sand that is used in synthetic or oil 
bonded sands. The clay content of the average 
natural bonded sand has a fusion point of 2400- 
2500°F or lower. Some natural bonded sands 
wil be completely fused at a temperature of 
approximately 2600? F. However, the fusion point 
of the sand will depend upon the amount of 
clay and the fine grains present. Natural bonded 
sands have three to four times more clay content 
than the average synthetic sand. Because they 
have lower durability than synthetic sands, natural 
bonded sands are more difficult to reclaim or 
rebond. For example, large quantities of new 
natural bonded sand are added to restore its 
strength and permeability. 

One of the advantages of a natural bonded 
sand is that it often can be used (with moisture 
added) in the form in which it is received. Its 
chief advantage is that it can maintain its mois- 
ture content over a long period of time. This 
makes for easier patching and finishing of molds. 

A disadvantage is that the properties of a 
natural sand vary; indeed, there can be varia- 
tions between the natural sands supplied by a 
single producer. To render a sand suitable for 
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a specific use, it is sometimes necessary to 
make additions of bentonite. Natural sand to 
which bentonite has been added is generally 
called semisynthetic sand. 

For aluminum bronze, synthetic sands are 
normally preferred. However, the following 
natural bonded molding sands and their properties 
may be used as a guide. 


Grain fineness class 4-5 
Grain fineness number 65-75 
Clay content, percent 11-13 
Permeability 35-45 
Green compressive strength 10-11 
Moisture, percent 0-6 


The permeability should be held high as practical 
and the moisture content should be held on the 
low side. 

The natural bonded sand properties for hy- 
draulic bronze is given in table 7-3. The sug- 
gested properties desired are based on the 
casting's weight and section thickness. 

The selection of sands for managanese bronze 
is not as critical as those for other alloys. 
A wide range of grain fineness numbers may 
be selected. Generally, all classes of sands 
mentioned can be used to produce satisfactory 
castings. Since manganese bronze tends to show 
surface porosity caused by excessive moisture 
in the sand, care should be taken to keep the 
moisture content on the dry side. As a guide, 
the sands for tin and leaded tin bronze are 
recommended. 

When casting leaded yellow brasses, the 
following information on natural bonded sands 
may be used as a guide. However, only small 
castings are normally cast from these alloys. 
Therefore, a fine sand may be used. Since yellow 
brasses have a tendency to dross, the moisture 
content should be kept on the dry side. 


Grain fineness classes 2, 3, or 4 
Grain fineness number 75-180 
Clay content, percent 5-20 
Moisture, percent 5-6 
Permeability 10-60 
Green compression strength 7-18 


For tin bronze and leaded tin bronze cast- 
ings, the following information may be used as 


a guide. 


Grain fineness class 2 
Grain fineness number 140-180 
Clay content, percent 5-20 
Permeability 10-50 
Green compressive strength, 

psi 4-9 
Moisture, percent 5-6 


The moisture content should be maintained with 
rather close limits. 


The following information on molding sands 
applies to bearing bronze, 


Grain fineness class 3 | 
Grain fineness number 110-140 
Clay content, percent 10-20 
Permeability 5-6 


Bearing bronze possesses the ability to pene- 
trate the mold surface. Therefore facing mate- 
rials are very often required. Facing materials 
are discussed later in this chapter. 


The information on sands, as it applies to 
tin bronze, can also be used as a guide for 
aluminum alloy castings. However, if permea- 
bility presents a problem, use grain fineness 
class 3 sands to improve permeability. When 
using class 3 sands, the only disadvantage is an 
increase in surface roughness. 
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Casting Weight, Section Thickness, Permeability, Green Compressive Moisture, 
pounds inches AFS units Strength, p. s. i. percent 
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SYNTHETIC SANDS 


The term "synthetic sands,'' with the excep- 
tion of oil bonded sand, has become the accepted 
term for designating what are actually com- 
pounded sands. (Although oil bonded sands are 
compounded sands, they are not referred to as 
a synthetic sand.) These sands are made by 
mixing together the various individual materials 
that constitute a good molding sand. Synthetic 
sands consist of a naturally occurring sand 
having a very low clay content or a washed sand 
with nearly all the natural occurring clay re- 
moved; to it must be added a binder, such as 
bentonite. 

The advantages which synthetic sands have 
over natural sands are as follows: grain size is 
more uniform; the sand is more refractory; 
the sand can be molded with less moisture; less 
binder is required; the various properties can 
be more easily controlled. 

To meet the limitations of stowage space, 
the Naval Research Laboratory has developed 
a synthetic sand known as an all-purpose sand. 
The base is a sharp silica sand which in its 
natural state contains little or no clay, or which 
has been processed to reduce the clay content 
to less than 1 percent. (The term sharp as 
applied to sand does not refer to grain shape, 
as might be supposed, but rather indicates that 
the sand is very low in clay content.) By adding 
small amounts of binder and water to this silica 
base, you can obtain a wide range of properties. 

The all-purpose sand is a grainfineness class 
o and has a grain fineness number of about 
63. This sand is used for a variety of casting 
sizes and types of metals. In commercial prac- 
tice, different sands are used to cast different 
metals and different sizes of castings of the 
same metal. In shipboard foundries, however, 
the limited storage space makes the practice 
of maintaining many special sands impossible. 
A synthetic sand used as a base for an all- 
purpose sand has the requirements for a molding 
sand for shipboard use. Naturally, some ad- 
vantages will have to be sacrificed in using 
one sand for making all types of castings. 
Therefore, the major factor that will be sacri- 
ficed in this respect is that of surface finish. 
However, the principal purpose of a shipboard 
foundry is to produce serviceable castings. Sur- 
face finish, in most casting specifications, is 
not a major requirement. 

The interrelation between type and amount 
of binder, green strength, dry strength, and 
permeability has already been mentioned; you 
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can understand, therefore, that varying the binder 
or the amount of moisture will bring about 
variations in the properties of the sand. As a 
practical example, let us consider a sand that 
has an AFS.grain fineness number of 63. 

Suppose that to this sand you add 4 percent 
bentonite and 4 percent moisture, and that upon 
testing, you find that the sand has a green 
compressive strength of 4.5 psi, and a per- 
meability of 95. For the purpose of your specific 
job, this green strength, let us say, is too 
low. The permeability, however, is entirely 
satisfactory. To change this sand so that it will 
possess the desired properties, you can add 
bentonite until it amounts to 5 percent of the 
mixture. At the same time, decrease the mois- 
ture to 3 percent. The new combination will 
have a green strength of 7 psi, and its per- 
meability will remain at 95. Only a nominal 
change will have occurred in dry strength; 
probably it will have been reduced from 110 
to 100 psi. 

To take another example, suppose you have 
added 4 percent bentonite and 4.5 percent mois- 
ture to a mixture, obtaining a molding sand 
with a green compressive strength of 4.5 psi, 
a permeability of 90, and a dry strength of 
120 psi. When you reach the stage of shaking 
out the casting, you have difficulty in removing 
it, or you find that hot tears have resulted. 
This indicates that the dry strength of your 
molding sand was probably too high. For your 
next casting, you should add the same amount 
of bentonite, but decrease moisture content to 
3 percent. This latter mixture will have a green 
strength almost the same as that of the first 
mixture (about 5 percent); permeability will be 
105; but dry strength will be about 90 psi,a 
much lower figure than in the first mixture. 

From these examples, you can see that 
getting a molding sand of the correct com- 
position is a matter that calls for care and 
exactitude. In these examples, too, only bentonite 
was added as a bond. You must learn how to 
add other binders to improve green strength 
or dry strength. Some practical suggestions 
are given you in the later section, "Preparation 
of Foundry Sands.'' 


OIL- BONDED SAND 


A new sand composition has been introduced 
in recent years and is now widely used through- 
out shipboard foundries and at shore activities. 
The new mixture is known as oil bonded sand 
(compounded sand); it may also be referred to 
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as waterless molding sand. The sand used in 
oil-bonded sand is not new; however, the other 
ingredients used in the mixture are new. In- 
stead of water and its binders, oil-bonded sand 
contains a special type of oil and binders. The 
result is an oil-bonded sand that is far superior 
to the old type of water-tempered molding sand. 

You are perhaps well aware, from experience, 
that many problems are encountered in using the 
old type of water-tempered molding sand. A 


main problem is that the slightest change in 


moisture content will cause a drastic change 
in the mechanical properties of the molding 
sand. Thus, under the best controls, moisture 
content of the molding sand will vary. This is 
due primarily to evaporation losses, heat losses, 
and variable moisture content. Because of water's 
low boiling temperature, little can be done to 
prevent the evaporation of moisture in sands. 

Oil-bonded sand offers the advantage of pro- 
ducing less gas. When fine oil-bonded sand is 
employed, the casting finish is improved and a 
more precise casting can be produced. The 
soundness of a casting also is improved due to 
a reduction of generated gas when the molten 
metal is poured in the mold. Oil-bonded sand 
also has less of a chilling effect than water- 
tempered sand; this permits production of a 
casting that has a more uniform grain structure. 
Various Navy foundries are now using oil- 
bonded sands in place of natural bonded sands. 

Oil-bonded molding sand may be used suc- 
cessfully with ferrous and nonferrous alloys. 
Its use with large ferrous castings (300 lbs or 
more), however, is not recommended. 

The sand used for making oil-bonded mix- 
tures is a dry silica sand which is free from 
clay content. Sands with natural clay content 
produce less desirable castings. This is mainly 
due to the fact that clay absorbs moisture and 
oil. Thus, the clay content of oil-bonded sand 
should remain below one-half percent, and the 
moisture content one-quarter percent or less. 
A sand's grain fineness number of 120 to 180 has 
been used successfully with nonferrous alloys; 
when casting ferrous alloys, a coarser sand should 
be used. | 

Modified western bentonite is used as a binder 
in oil-bonded sand. The properties of modified 
western bentonite are similar tothose of southern 
bentonite. Western bentonite is high in dry and 
hot properties. Whereas, modified western ben- 
tonite is low in dry and hot properties. The modi- 


fied western bentonite is sometimes called ben-. 


tone. Most bentones are organic ammonium com- 
pounds. These bentones have the ability to swell 


and gel when mixed with solvents (bonding agents) 
such as oil. Since the structural layers of the 
bentones will absorb oil, greater spacing is 
formed between the layers of the bentone struc- 
ture. 

The oil used as a bonding agent in oil-bonded 
sand is superior to water because it boils at a 
higher temperature. Because oil generates less 
gas, it requires less sand control due to lower 
evaporation losses. 

The selection of the correct type of oil is 
a must in order to produce satisfactory castings 
in oil-bonded sands. A coastal oil of about 
SAE 40 weight gives excellent results. High 
detergent oils and lubrication oils that contain 
Specialized inhibitors should not be used. These 
oils tend to interfere with, rather than help, 
the bond reaction. 

A catalyst, or gelling agent, is also used in 
oil-bonded sands. There are several solvents that 
are used as gelling agents. Methyl alcohol is 
one such gelling agent. Another is Catalyst P-1. 


Iron oxide sometimes is used in oil-bonded 
sands. When an excessive amount of oilis evident 
in a sand mixture, iron oxide is added to absorb 
the excess oil. (Another method that can be 
used to absorb the excess oil is to add new 
silica sand and bentone to balance the formula.) 
In addition, iron oxide is used to correct the 
balance between fine and coarse sand. 


In most cases, experience dictates the de- 
sired mechanical properties of oil-bonded sand. 
However, most foundries work within a range of 
8 to 12 psi green compression strength. 

An oil-bonded sand which has a GFN of 140 
will normally have a permeability of about 15. 
(It should be remembered that oil-bonded sands 
generate less gas. Thus, finer sands with lower 
permeability can be used.) A permeability of 15 
is adequate for most nonferrous alloys. The best 
casting finishes are obtained when the mold has 
a uniform hardness of about 80 or higher. 


BINDERS 


In the section, ''Terminology,'' you were told 
that the binders commonly used are fireclay, 
bentonite, cereal flour, dextrine, and rosin. 
Binder materials are mixed into sand, as you 
now know, to produce required properties. These 
binders are used not only in molding sands but 
also (as you will see later) to produce the desired 
qualities in facing sands, core sands, and mold 
washes. 
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You may sometimes hear binders referred to 
as organic or inorganic; inorganic binders are 
those derived from nonliving substances, and 
organic are those derived from living substances. 

INORGANIC BINDERS are the various clays, 
including bentonite; sea coal, graphite, and plum- 
bago also belong in this category. 

Bentonite is better than fireclay for increasing 
the green strength of a sand, and southern ben- 
tonite is better for this purpose than western 
bentonite. The latter, however, has a higher dry 
strength and higher hot strength than southern, 
and is more durable, On the other hand, the lower 
dry strength of the southern bentonite makes 
the shaking out of a casting easier. As a general 
rule, you will find that western bentonite is best 
to use when you are preparing sands for steel 
and iron castings, and southern bentonite is 
more satisfactory for molds for nonferrous 
castings. 

ORGANIC BINDERS are those obtained from 
wheat, corn, sugarcane, and similar living 
organisms, The starch in cereal binders serves 
primarily to promote dry strength. When the sand 
mixture is baked dry, the starch also produces 
a hard surface, which enables the sand to resist 
the erosive action of the molten metal as it 
enters the mold. A hard surface also serves to 
make a mold wash adhere more firmly. 

As mentioned before, in the section, ''Termi- 
nology,'' dextrine contributes a much higher dry 
strength than cereal binders, but reduces green 
strength. Glucose and molasses may be used, 
but are much less efficient than dextrine. 

ROSIN BINDERS are made from a byproduct 
of turpentine, and may be available to you under 
various trade names. Rosin will give the sand 
mixture a hard surface when baked, and permits 
baking at a temperature lower than that required 
when other types of binders are used. Sand in 
which rosin has been used as a binder will 
absorb moisture if permitted to stand for any 
length of time, and molds and cores that are 
made with this binder should be used soon after 
preparation. 


PARTING . MA TERIA LS 


Some. molding materials are not mixed into 
a molding sand. For example, parting materials 
are used to prevent the cope, drag, or cheeks 
from sticking to each other when they are 
separated. Further, they are applied to the pattern 
to assist in removing the pattern from the mold. 
Therefore, parting materials prevent sands from 


adhering to patterns or other bodies of sand. Thus, 
parting materials are applied to the drag part 
of the pattern before the drag is rammed, and 
to the cope part and to the parting line before 
the cope is rammed. There are many trade 
names. for parting materials. However, they all 
have one purpose which is to permit opening 
the mold and removing the pattern without dis- 
turbing the sand. 

Parting materials are ground to a very fine 
powder. They are manufactured from various 
materials such as hydrated magnesium silicate 
(talc), siliceous rock, and nut shells. Some of 
these parting materials are manufactured in such 
a way as to prevent moisture absorption. 
Moisture-proof parting materials are treated 
with either stearic acid or a similar fatty acid, 
Or a Wax. 

It is very easy to apply too much, or not 
enough, parting material on the patternor parting 
line, Thus, the correct parting bag should be 
used. Parting bags are commonly made from 
unbleached muslin. In addition, parting materials 
that have a tendency to lump or stick in the bag 
are undesirable. 

Since the primary purpose of parting materials 
is to permit the mold to separate at the desired 


parting line and to lift or separate easily from 


the pattern, adherence of sand to the pattern or 
mold parting line must be avoided. With ex- 
perience, you will learn just how much parting 
material to use. The application of excessive 
parting material should be avoided whenever pos- 
sible. Parting materials allowed to accumulate 
on the mold can cause pinholes in the casting. 


FACING SANDS 


In general, a molding sand that is riddled 
over a pattern to a depth of about 1-1/2 to 2 
inches is called facing sand. This can be any 
type of sand such as natural-bonded, synthetic, 
or oil-bonded sand. Behind this sand is a backing 
sand normally called heap sand that is used to 
fill the remainder of the flask, However, when 
compounded sands such as synthetics are re- 
quired, very often a new mixture of all-purpose 
sand is used, or when backing sand is used for 
facing sand, binders may be added to build up 
the desired properties of the sand. The remainder 
of the heap or backing sand is also conditioned, 
but it normally contains less binder and moisture. 

Finally, a special facing sand is often used to 
obtain special properties desired in the mold 
facing, and yet those special properties may not 
be desired in the backing sand. For example, 
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to obtain a smooth surface upon a thin section 
of a casting, or to reproduce accurately any 
intricate design or delicate feature, it is neces- 
sary to use a fine grain molding sand mixture. 
Only those areas that form the mold cavity are 
faced with this sand. Again, behind this layer of 
facing sand, a backing sand is used to fill the 
remainder of the flask. This backing sand, such 
as all-purpose, has a somewhat coarse grain 
size containing less binders and moisture. There- 
fore, backing sands should have greater per- 
meability than special facing sands. 

Seacoal is the term that describes any coal 
used in foundry sands. In British foundries, 
coal was obtained from various mines extending 
under the sea off the coast of Wales. Therefore, 
it is believed by some that the term "seacoal'' 
was derived from mining under the sea. 

For cast-iron castings, seacoal is often used 
in compounded special facing sands in green sand 
molding, excluding oil-bonded sand. Seacoal pre- 
vents burning-in and improves the surface of 
the casting. 


Seacoal is classified into grades A through E 
and may have intermediate grades within a grade. 
For example, А 1/4 is a finer seacoal than A 3/4. 
Grade A is a coarser seacoal with the subsequent 
letters representing a finer grade. The grain 
fineness of the facing sand will have to be con- 
sidered when using seacoal. In order for the 
seacoal to properly coat and fill in the voids 
between the sand grains, it must be finer than 
the sand in question. Since permeability will be 
reduced because seacoal fills the voids between 
sand grains, excessive seacoal will result in 
causing gas defects within the casting. Depending 
upon the weight of the casting and the surface 
area, seacoal is normally used within a range 
from about 3 to 10 percent by weight. The green 
strength and dry strength of sands is increased 
when using seacoal. Seacoal will effect other 
properties of sands, but such a discussion is 
beyond the scope of this training manual. 


When molten metal comes in contact with a 
mold surface containing seacoal, the seacoal de- 
composes. Аз seacoal decomposes, the mold 
is filled with gas to the exclusion ofair. Further, 
a soot is formed which coats the sides of the 
mold and covers the surface of the rising metal. 
This seacoal decomposition continues throughout 
the pouring operation. The result is that a thin 
wall of soot forms between the molten metal 
and the mold wall, preventing the penetration of 
sand by the metal. Because a reducing atmosphere 
exists in the mold, and because mold-wall metal 
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penetration is prevented, the casting surface is 
smooth and free from oxidation. 

To prevent metal penetration and produce a 
smooth mold surface, silica flour is sometimes 
used in steel facing sands. The fine flour serves 
to fill in the spaces between grains and thus 
produces a smooth mold surface. Additions of 
silica flour within the range of 10 to 50 percent 
are used to combat metal penetration and improve 
the casting surface. (In addition, silica flour 
has other functions.) However, the amount of 
silica flour used must be determined by ex- 
perience, or by the trial and error method. 


MOLD COATINGS AND WASHES 


Mold coating and mold washes are the mate- 
rials that are applied to the mold cavity. These 
materials act as barriers between the mold and 
metal; as a result, the casting surface is im- 
proved. The casting’s surface is improved be- 
cause mold coatings and washes fill the spaces 
between the sand grains. Further, the casting 
surfaces are also improved since mold washes 
produce a cleaner peel of sand from the casting. 
These materials also prevent metal penetration. 

In general, mold coatings can be divided into 
two groups which are dry and wet mold coatings. 
The latter mold coating is commonly called 
mold wash. 


MOLD COATINGS 


Mold coating which is applied dry to the mold 
surface (cavity) is plumbago, a carbon base 
material. Other dry coating materials are mica 
and white talc. However, plumbago is the most 
widely used dry coating material. Plumbago is 
a fine blend of graphite particles that pass 
through a 200-mesh sieve. 

Plumbago, an excellent dry coating material, 
will not melt at high foundry temperatures, but 
its carbon is driven off by oxidation depending 
on the amount of air (oxygen) available at the 
mold surface. 


Dry coating materials are applied to the mold 
surface with a camel hair brush, a spray gun, 
or a shake-on-bag such as a parting bag. Re- 
gardless of the method of application, the plum- 
bago should be rubbed or brushed to coat the 
sand grains thoroughly, and the excessive mate- 
rial should be removed with low air pressure. 

Plumbago, in the dry state, is used only on 
green-sand molds. That is, green sand molds 
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are not skin dried, air dried, or oven dried, Dry 
plumbago depends on the moisture on the mold 
surface which causes plumbago to adher to the 
mold surface. If dry plumbago is applied to a 
mold that will be skin dried, air dried, or 
oven dried, it will readily wash off the mold 
surface by the action of molten metal. 


In general, natural bonded sands, with the 
correct GFN for its intended use, do not normally 
require dry coating materials. However, bearing 
bronze, a high leaded bronze, will require a dry 
coating material. Bearing bronze possesses the 
ability to penetrate deeply into the mold surface. 
Therefore, plumbago should be used to prevent 
or reduce metal penetration. For other metals, 
where surface finish is important, plumbago 
can be used to improve the casting's finish. 


For synthetic sands, plumbago is used, when 
a dry mold coating is required. However, its use 
is limited, as previously mentioned, to green 
sand molds. Plumbago, as a dry coating, can be 
used for all alloys except steel. (Oil-bonded 
sands do not require mold coatings or mold 
washes.) 


Many Navy foundries use commercial coatings 
to prevent metal penetration and to improve the 
surface finish. There are several commercial 
coatings available through various manufac- 
turers. Commercial coatings are normally bonded 
coatings. That is, they contain binders, Some 
commercial coatings can be used on molds for 
natural-bonded and synthetic sands, but specific 
coatings are used for specific metals. Some of 
these coatings can be used as either a dry or 
wet (wash) coating. When using commercial 
coatings, follow the manufacturer’s instructions. 


MOLD WASHES 


Mold coatings that are applied wet are com- 
monly called mold washes. (If a wash is used 
for cores, it is called a core wash.) Mold washes 
may contain a wide variety of solid base mate- 
rials. These materials may be plumbago, silica 
flour, zircon flour, olivine flour, or talc. Mold 
washes must contain one or more types of 
binders so that the washes will adher to the 
mold surfaces. After a mold wash that is water 
suspended is applied to molds, they must be 
skin dried or oven dried before the molten metal 
is poured. Therefore, if binders were not added 
to the wash, it would be washed off the mold 
surface by the action of molten metal. 


One of the important binders added to mold 
washes is western bentonite. This binder will 
ensure the following in mold washes: 


1. Suspension of the solid particles such as 
plumbago and silica flour. 

2. Control the penetration of mold ТИРЕ 
into mold or core surfaces. (The ability to con- 
trol penetration is accomplished by either in- 
creasing or decreasing the western bentonite). 


When low percentage western bentonite is 
used in washes, a lower percentage of water is 
also used. Therefore, solutions of low bentonite 
mold washes contain less water and have a high 
content of particle material. This material will 
settle out of solution more rapidly and the wash 
will penetrate the mold surface to a greater 
depth and with greater speed. However, the speed 
and depth of penetration is proportional to the 
permeability of the mold, or the grain size. 
Usually, mold washes with high percentage of 
western bentonite are used for large or open 
grain sands. An excellent mold wash is one that 
penetrates to a depth of several sand grains 
and also leaves a smooth surface coating. 


When the wash penetrates the mold or core 
beyond the desired sand grains at the surface, 
its protective action is lost and only a very thin 
coating remains on the surface. This condition 
can be corrected in two ways. First, an addi- 
tional coating can be applied to the mold or 
core surface until a smooth uniform surface is 
obtained. Secondly, additional bentonite may be 
added to the wash, correcting excessive mold 
wash penetration. 


When the penetration of mold or core wash 
is very shallow, a heavy coating is left and, as 
a result, the protection will be insufficient. 
A heavy wash applied to a mold can cause a 
reduction of finished dimensions and core prints. 
In addition, a heavy wash can cause a problem 
in drying the mold. When required, mold washes 
are used for high temperature alloys such as 
cast iron, steel and monel. Mold washes are 
used for compounded sands such as synthetic 
sands. Mold washes are not required for natural- 
bonded or oil-bonded sands. When using tempered 
synthetic sands for brass, bronze, and aluminum, 
a mold coating can be used, if required. Again, 
the only reason for using a mold coating is to 
prevent metal penetration and to improve the 
surface finish. For cast iron, steel and monel, 
however, mold washes are used for the same 
reasons as mold coatings, and, in addition, 
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prevents the high temperature metals from burn- 
ing in. This results in a cleaner peel of sand 
from the casting. Silica flour mold washes are 
normally used for steel. 

When mixing mold washes to a usable con- 
sistency, you should first thoroughly mix the 
dry materials. Then, add small amounts of water 
and mix thoroughly. Mixing while the consistency 
is thick will ensure that lumps and small particles 
go into solution. After the wash has been mixed 
to a thick consistency, it should be further 
diluted and mixed until a usable consistency has 
been reached. 

The application of a mold wash is accom- 
plished with a spray gun or brush. However, 
green sand molds normally require the spray 
application method. 

It is important that a mold wash applied to 
the mold be completely dry before it is poured. 
Any excess moisture on the surface will form 
steam when the hot metal contacts the sand, and 
the steam may cause serious defects in the 
castings. 


PREPARATION OF FOUNDRY SANDS 


From the previous discussion in chapter 4, 
you may recall that the proper preparation and 
the control of molding sands and core sands is 
an important phase of foundry practice. However, 
we are concerned with the equipment and the 
devices used in mixing and testing the moisture 
content of foundry sand. In this section, we are 
concerned with the procedure (including the 
amounts of ingredients employed) for mixing 
suitable sands. 

The manner in which the plows and rollers of 
a sand muller operate to thoroughly knead the 
mixture of sand and bond has been described 
in chapter 4. In addition there will probably 
be a manufacturer's technical manual, or similar 
set of operating instructions, for the type of 
muller installed aboard your ship. Such instruc- 
tions will give you the necessary information on 
clearances to be maintained between the muller 
wheels and wear plate, and on the time period 
to be allowed for mixing. 

The length of time that you should give to 
mixing is one of the practical problems con- 
fronting the beginner. A general rule is that you 
will obtain the best results by mixing the dry 
sand and dry bond for at least 1 minute, so as 
to evenly distribute the bond throughout the 
sand. Then add a small amount of temper water, 
mix the sand again, and the remainder of the 


temper water, and complete the mixing process. 
Total mixing time after you add water should be 
greater for facing sands than for backing sand. 
For a batch of sand from 4 to 5-1/2 cubic feet, 
mixing time for backing sand should be about 3 
minutes, after water additions have been made; 
for facing sands, mixing time is 5 minutes. For 
a batch that is only 3 cubic feet, allow 1 minute 
for backing sand, and 1-1/2 minutes for facing 
sands. Extending the time spent in mixing will not 
increase the green strength of the sand. Allowing 
the sand to mix in the muller for an extended 
period of time will cause water content to drop 
appreciably (by evaporation), and will change the 
properties of the molding sand. 

When circumstances require that the sand 
be mixed by hand, you must use agreater amount 
of binder than you would use with the same 
amount of mulled sand. As a result, hand-mixed 
sand has a lower permeability than mulled sand 
of the same green strength. Add the binder in 
small amounts, in the dry condition, and mix 
thoroughly after each addition. When dry mixing 
is completed, add the temper water a little at 
a time. After the sand has beencompletely mixed, 
you should pass it through a 3- or 4-mesh 
riddle, and then permit it to stand for several 
hours at least. 

Remember that you should test sand for 
moisture after it has been mulled (or hand-mixed), 
and before you ram it in the mold. You may use 
the moisture tester illustrated in figure 4-3 or the 
moisture teller illustrated in figure 7-3 if the 
latter type is available aboard your ship. 


MIXING NATURAL BONDED 
SANDS 


The preparation of а NATURAL BONDED 
ALBANY SAND for nonferrous molding does not 
offer any special problems. The sand mixes 


readily with water and does not require the use 


of a sand muller, The usual procedure is to 
sprinkle water over the heap of sand, mix it 
with a shovel, and then pass it through a 2- or 
3-mesh foundry sieve. 


Before adding moisture, however, the dry 
sand should be riddled to break up lumps and 
spread out on the foundry floor in the form of 
a long, low heap of considerable length. Sand 
spread out in this way exposes a greater area 
to which water may be added. The water should 
be added slowly and in small quantities while, at 
the same time, you continuously work the sand 
back and forth with a shovel. Water additions 
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Figure 7-3. — Moisture teller. 
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Should be made with a sprinkling can to avoid 
the formation of pools of water. 
| When enough water has been added to provide 
a moisture content of about 6-1/2 percent, the 
sand is passed through a riddle a second time and 
then piled into a heap. This heap is covered 
with damp burlap sacks to prevent surface drying. 
After mixing, the sand should stand, or ''temper, "' 
in the moist condition for several hours — pre- 
ferably overnight. 

In the preparation of natural bonded sands, 
moisture content is the most important factor 
controlled by the Molder. Of course, the sand 
must also be sufficiently permeable (a minimum 
` of 25), possess satisfactory green compressive 
strength (5 to 8 psi), and have the proper 
proportion of bond (clay). If the green strength 
is too low, you will have to add enough new 
sand to the heap to bring the strength value up 
to normal. Additions of this kind may be made 
by hand, but a better job of mixing results 
when a sand muller is utilized. Moisture may 
be more accurately controlled if a moisture 
tester is used instead of the "handful and squeeze" 
method. 


MIXING SYNTHETIC SANDS 
To mix the Navy sand known as all-purpose 


sand, only a few ingredients are required. Assem- 
ble and carefully weigh the dry ingredients; 


then place them in the muller, and mix DRY. 


for about 1 minute. 

Suppose you wish to prepare a 50-pound batch 
of molding sand that will have the composition 
of 95 percent sand, 4 percent bentonite, and 1 
percent cereal. Multiply 50 by these percentages, 
as follows: 


50 times 95 percent = 47.5 pounds of sand 
50 times 4 percent = 2.0 pounds of bentonite 
50 times 1 percent = 0.5 pound of cereal 


Then place these amounts in the muller, mix 
them thoroughly, and begin adding the necessary 
amount of water. Table 7-4 provides you with 
guidelines that you can follow when you select 
sand mixes from green sand, for castings of 
various metals and different sizes. Most of your 
work as a ML3 or ML2 will be with copper-base 
alloys, but some data on sand mixes for ferrous 
alloys are also included in this table. 

If you find that the properties obtained with 
the all-purpose sand aboard your ship do not 
match exactly with those given in table 7-4, 
remember that the information in this table is 


offered as a guide only. Local conditions may 
make it necessary or desirable to alter propor- 
tions of the ingredients; but keep in mind the 
effect that variations in binder can have on the 
properties of the sand. 

All-purpose sand will not flow around a pattern 
as freely as natural bonded sand; this is because 
of higher green strength, lower moisture content, 
and greater grain uniformity of the all-purpose 
sand. Therefore, synthetic sands must be rammed 
as hard as possible; if the natural bonded sand 
is rammed too, tightly, casting defects will result. 

The surface of a mold made with synthetic . 
sand dries out more rapidly than the surface of 
one made with natural bonded sand, because of 
lower moisture content. This surface drying can 
be offset to a great extent if you use a properly 
shellacked pattern (which will not so readily 
absorb moisture), and avoid excessive tooling. 


MIXING OIL BONDED SANDS 


It is important that new oil-bonded mixtures 
be mixed in a muller. When properly mixed, 
maximum bond is obtained. Mixing by other 
methods will result in an unsatisfactory mixture. 

The following mixture can be used as a guide, 
the ingredients being added in the order given. 
First of all, weigh 100 pounds of dry silica sand 
of the required grain fineness number and dump 
the sand into a muller. Next, weigh five pounds 
of bentone and add this to the muller also. Then 
dry mix the sand and bentone for about one 
minute. Now, while the muller is in motion, 
add two pounds of oil slowly and mix for ten 
minutes. Finally, add one ounce of catalyst and 
mix for a minimum of three minutes, 


Once the oil-bonded sand has been used, it 
only requires reconditioning by riddling. Ex- 
perience is the best teacher to determine when 
the sand needs rebonding (addition of ingredients). 
However, rebonding is normally required when 
the sand's green strength has been reduced 
sufficiently, thus causing scabbing or washing. 
The rebonding cycle (mulling) and the amount 
of additives required will depend upon several 
factors. First, a high btu input will affect the 
binder and burn out the oil. The strength of 
the sand is reduced when high btu input occurs. 
A hot casting remaining in a mold for a long 
period of time is one example of high btu input. 
Next, the amount of unwanted sand, such as 
burnt-out core sand, will require additions of 
more binder and oil. Finally, when hot castings 
are shaken out prematurely and the flash point 
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| 102.123.1 
Table 7-4.— Composition and Properties of Sand Mixes for Castings of Specified Alloys 


Material (percent by weight; total 


weight of dry materials = 100 percent) 


Grain Fineness 
Class Number Bentonite| Cereal | Other Binder | Water| Properties and use 





Copper-Base Alloys 















3 100-140 э ө ө ө 20.0 5.0 e ө ө ө 9 e © o o o où oo ө ө 4.0 Green strength 15to 
| 20 psi; permea- 
Used heap ...| 75.0 bility 30-50. Used 
for castings up to 
2000 1b. 
3 [100-140 ...... 15.0 4.0 e.. o o • | 1.0 (Wood- 4.5 | Green strength, 14 
Used heap. 80.0 flour) to 15 psi; per- 
meability 30-35. 
Used for castings 
up to 10 lb. 
5 50-70 .......| 95.0 4.0 1.0 ecco s. | 4.0 | Green strength, 6 


to 7 psi; per- 
meability 60-'70. 
Used. for castings 
up to 2000 lb. 


Aluminum Castings 


3 100-140 ... 74.0 3.0 <.. oo| 18.5 (Silica 5.0 | Green strength 8- 
flour) to 10 psi; permea- 
4.5 (Fire- 5.5 bility 20-30. Used 
clay) for castings up to 
20 1b. 
Gray Iron Castings 
4 89.4 5.3 . ee oo| 5.3 (Fire- 2.8 | Green strength 8.3 
clay) psi; permeability 
110. Used for 
castings from 1to 
30 1b. 
4 70-100.... 94.0 4.1 0.2 1.7 (Sea 4.4 | Green strength 10.2 
coal) to psi; permeability 


5.5 76. Used for cast- 
ings from 150 to 
800 1b. 





Steel Castings 
5 90-70 .......| 95.0 4.0 1.0 ecco c5 | 3.5 | Green strength 6.5 
to to 7.5 psi; per- 
4.5 meability 135-150. 
Used for castings 
up to 200 lb. 
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Table 7-4. — Composition and Properties of Sand Mixes for Castings of Specified Alloys — continued 





Fineness 
Number 


Grain 
Class 


Steel Castings —Cont'd 


Used heap.. 





of oil is at its proper temperature, ignition 
will occur, and thus more oil will be required. 


TESTING FOUNDRY SANDS 


In a foundry shop aboard a Navy repair ship 
or tender, regular sand testing should be per- 
formed and the results recorded. A day-to-day 
record of sand properties, when properly in- 
terpreted, enables the Molder to make any neces- 
sary corrections to the sand before it is rammed 
up in molds. Some tests are the responsibility 
of the Molder First Class and Chief Molder, 
but the Molder Third Class must know how to 
test for permeability, as well as for green com- 
pressive strength and moisture content. 


PREPARING FOUNDRY 
SANDS FOR TESTING 


Whether the purpose of the tests you run is 
to obtain information on the composition of the 
basic sand or to determine the properties that 
a particular foundry mixture will develop in a 


mold, an important first step is the selection 


and preparation of a representative test sample. 

First of all, let's discuss the preparation of 
heap and facing sands. After the foundry sands 
have been conditioned, collect the samples and 
test them immediately. The samples should be 
taken at a depth of not less than 6 inches from 
the surface. For heap sands, take three 1-quart 
samples, one each from the front, center, and 
rear of the heap. Place each sample loosely in 


Material (percent by weight; total 
weight of dry materials - 100 percent) 


Sand Other Binder | Water | Properties and Use 


91.9 1.8 0.7 2.9 
‚| 40.0 to 
3.9 


Green strength 3 tc 
4 psi; permea- 
bility 175-200. 
Used for castings 
90 lb. and over. 


a separate airtight container to prevent loss of 
moisture. For facing sands, you should usually 
take one 1-quart sample from a depth of at 
least 6 inches. If there is any doubt about the 
uniformity of the facing sand, however, take 
additional samples as required for heap sand. 
Be sure to collect all samples without any delay, 
in order to obtain consistent samples. It is of 
extreme importance that the samples be tested 
as soon as possible so that the samples will be 
truly representative of the foundry sands. 


MOISTURE TEST 


The moisture content of a sample of sand may 
be determined with a Speedy Moisture Tester 
previously described in chapter 4 of this training 
manual. However, the standard method for deter- 
mining moisture content of a sand is by using 
the moisture teller and the laboratory balance 
illustrated in figures 7-3 and 7-4. 

The moisture teller is really a drying device 
and does not in any sense, directly, tell the 
moisture content of the sand sample. The moisture 
teller is a specially designed oven that removes 
the moisture from the sand. It has a thermo- 
statically controlled heating unit that can be 
adjusted to maintain any desired constant temper- 
ature in a range of 150° and 300°F; a blower 
forces the hot air through the test specimen 
(sample of sand). A timer is located to the side 
and below the temperature adjustment. The timer 
permits the moisture teller to operate for the 
selected time, At the bottom of the moisture teller 
is a removable sample pan that holds the sample. 
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| Figure 7-4. — А laboratory balance. 


With each specific pan, a counterweight equal 
to the weight of the pan is provided. The pan has 
a 500-mesh metal filter bottom which allows the 
heated air to flow through the sample. 


Briefly the standard method for determining 
moisture content, is to weigh 2,000 grams (4.4 
pounds) of sand on the laboratory balance (fig. 
7-4). Dry this sample by spreading it out in a 
thin layer and heating it in an oven at a tempera- 
ture no lower than 220°F and no higher than 
230°F. After drying, the sample is cooled to 
room temperature in a covered dish or a special 
cooling device called a DESICCATOR, Reweighing 
the dried sample and expressing the difference 
in weight before and after drying as a percentage 
gives the percent moisture. For example, if 


the original 2,000 gram sample reweighs at 
1,760 grams, the moisture content is 12 percent. 


2,000 - 1,760 - 240 
240 _ _ 
2,000 ^ 4? = 12% 


Since measurements to 1/10 gram are often 
required to determine the moisture content, it 
is mandatory that an accurate balance be used 
to weigh the samples. 

Another method which is recommended by the 
manufacturer and somewhat simplifies the mois- 
ture test is described in the following para- 
graphs. 


When using the moisture teller and balance, 
the first step in determining moisture content 
is to ''zero" the laboratory balance; that is, 
push the rider weight all the way to the left on 
the beam scale, then turn the zero adjustment 
screw So that the balance pointer is at zero on 
the zero adjustment scale. Next, place the pan 
on one side (usually the left) of the balance and 
place the counterweight on the other. On the side 
with the counterweight, place a 50-gram balance 
weight. Before placing the 50-gram balance 
weight, be sure that the pan and counterweight 
actually balance. With use the pan may tend to 
get lighter because of abrasion, or heavier 
from corrosion. This check should be made 
every time a determination is made. Somewhat 
greater accuracy is attained if the pointer swings 
slightly and equally to either side of the zero 
than if it remains steady on zero. Having accu- 
rately balanced the pan and counterweight, add 
the 50-gram balance weight. Then add sand to 
the pan until the balance pointer indicates that 
the pan and sand are equal to the counterweight 
and 50-gram balance weight. Accuracy in weighing 
is most important. 


After the 50-gram sample is weighed out, 
the pan is placed in the "teller" where a blower 
passes air heated to between 220? and 230°F 
through the sample for a predetermined time. 
After drying and cooling to room temperature, 
the sample pan is returned to the balance. The 
amount of weight lost by the sample is deter- 
mined by moving the rider weight to the right 
along the beam scale (calibrated in tenths of a 


gram from 0 to 10 grams) until the balance 


pointer slowly swings back and forth at the zero 
mark. Weight loss is indicated by the position 
of the rider on the beam scale. The amount 
indicated on the beam scale multiplied by two 
equals the moisture content of the sample. 
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Readings on the beam scale should be made to 
1/10 gram. 












PREPARING THE TEST 

— SAND” NOCH OR 
To test the sand for permeability and green TOLERANCE 

compressive strength using the permeability MARKS 


meter and universal strength machine in con- 
junction with the sand rammer, it is necessary 
to prepare a special test sample. The sand is 
prepared for testing as previously described. 
The actual test specimen will be a rammed sample 
2 inches high and 2 inches in diameter. 


This sample is placed in a tube which rests 
upon a pedestal, and tube and pedestal are placed | 
under a rammer; the tube must be kept upright | | RAMMING 
to prevent any loss of sand from the sample. | 


The type of rammer used aboard ship, with 
the specimen tube for the sand sample, is illus- 
trated in figure 7-5. You can see that the 
rammer has been lowered into the tube until 
it is supported by the sand; this is the first 
step in the process, and should be performed HANDLE 7 N "t IS 
slowly. Then the rammer is raised, still slowly, 
to the height of 2 inches, and permitted to fall. | uxa 
In all, three rams should be applied to the 
sample. 


When the third ram has been applied, check 
the position of the top of the rammer rod. Unless 
it is between the 1/32-inch tolerance marks 
(indicated at the top of fig. 7-5), you will have 
to discard the specimen and make a new one. 
If the top of the rod is within the required 
tolerance, the specimen is of the correct height, 
and you should carefully raise the rammer rod 
and remove the specimen tube from the pedestal. | 
You now have an acceptable sample, and can 18.37 
proceed with the test to determine permeability. Figure 7-5.— Sand test sample and rammer. 


TU 





Permeability Tests . 


where 
Permeability is that property of a molding. _ TE" ; 
sand which describes its ability to allow gas to ae чого саса eure centimeters 
ass through a molded mass. It is determined pee шеш ше Specimen a eae 
P Б | | р = air pressure in grams per square centi- 


by measuring the time required for a predeter- 


mined quantity of air at a known pressure to а = аы area in Square centi- 
flow through a standard test specimen. meters 
Expressed as a formula, permeability equals t = time in minutes 
| vh The instrument illustrated in figure 7-6 is 
Р = — suitable for obtaining the necessary data to de- 


pat termine permeability by the standard method. 
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By positioning the straight edge of the helicoid 
so that the point is downward and the edge is 
parallel with the manometer tube, the constant 
pressure in grams developed by the test speci- 


men's resistance to the free flow of air can be- 


determined. This is done by comparing the water 
level in the manometer tube with the pressure 
scale on the helicoid. The pressure scale is 
calibrated from 0 to 10 grams per square centi- 
meter. Prior to conducting the test, however, the 
scale must be zero adjusted; that is, the water 
level in the manometer tube must be adjusted 
to coincide with the zero (0) on the pressure 
scale (straight edge) of the helicoid gage. This 
adjustment is made with the manometer adjust- 
ment screw. 

The copper air drum, which floats like a bell 
in the water tank, provides the 2000 cubic centi- 
meters of air through a tube-within-a-tube ar- 
rangement in the center of the drum and tank. 
This tube permits air trapped within the drum 
to escape and pass through the specimen when 
the air control lever is turned 90? forward to 
its open position. Time for volume of air to 
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Figure 7-6.— Permeability meter. 


flow through the sample is determined by noting 
the time required for the air drum to sink from 
its highest position (the 0 mark on the drum is 
level with the top of the water tank) to its lowest 
position (2000). 


The first step in determining permeability, 
of course, is to ram the standard test specimen. 
With the specimen remaining in the tube con- 
tainer, place the tube, top down, in the mercury 
seal cup on the base of the permeability meter. 
(If an orifice plate is in position over the air 
outlet nozzle in the center of the seal cup, be 
sure that it is removed before using the instru- 
ment to determine permeability by the standard 
method.) With the air control lever in the OFF 
position, raise the air drum so that it floats at 
maximum (2000) volume. Next, turn the air 
control lever to ON and simultaneously start 
your stopwatch. When the water level in the 
manometer becomes constant, record the pres- 
sure indicated; when the air drum has sunk to 
the 2000 mark on the air volume scale, record 
the time elapsed. Substitute the data noted in 
the standard formula. 


To illustrate the use of the formula, suppose 
that the air pressure is 4 grams per square 
centimeter and that 1 minute is required for the 
2000 cubic centimeters of air to pass through 
the standard test specimen. Substituting the 
known and observed data in the formula we have 


2000 x 5.08 10160 


4 x 20.268 x 1 81.072 


Since a standard specimen and 2000 cubic 
centimeters of air are always specified for the 
test, 


2000 x 5.08 
————— —— = 501.2 is constant (C). 
20.269 


Therefore, the formula becomes 





с 501.2 
P = —— = ——— 
pt pt 
substituting 
501.2 
P = = 125.3. 
4x1 
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Permeability can be read directly from the 
scale on the periphery (rotating permeability 
dial) of the helicoid gage. This is not too ac- 
curate but it is satisfactory for routine shop 
tests. In this routine test, a standardized or- 
ifice plate is inserted between the 0.03 square 
inch (0.1742 square millimeter) air outlet and 
the test specimen. Depending upon the estimated 
permeability, either a 0.5- or a 1.5-millimeter 
orifice is used. If permeability is below 49, 
use the smaller orifice; if permeability is above 
36 use the larger orifice. When the sand's 
permeability falls in the overlap range of the 
two orifices, experimental use and/or compar- 
ison with the results from a standard test must 
be employed to determine the proper orifice 
size. 

In the routine shop test, in which permeability 
is read directly from the periphery of the heli- 
coid, it is not necessary to note the pressure or 
the time of flow. Assure yourself that the drum 
is in the upper position and the appropriate 
orifice plate is inserted, then all that is neces- 
sary to conduct the routine test is to: (1) place 
the inverted specimen tube containing the test 
sample in the mercury cup on the base of the 
instrument; (2) turn the air flow control lever 
to ON: (3) wait a few seconds until the water 
level in the manometer tube becomes constant; 
and (4) turn the helicoid gage until its periphery 
or outer edge matches the water level of the 
manometer. The scale number at this point on 
the helicoid periphery is the approximate per- 
meability of the sand being tested. Perme- 
ability determined in this way is accurate within 
10 to 15 percent. 

Another routine shop test involves the use of 
the pressure scale in conjunction with the manom- 
eter water level in a manner similar to that 
of the standard stopwatch method. Here, though, 
as in the helicoid periphery method, a suitable 
orifice plate is inserted into the mercury-cup 
air outlet. The pressure noted on the manometer 
is converted to the permeability number through 
the use of a table which indicates the relation 
between the pressure developed and the per- 
meability in terms of the orifice plate used. 
Note that these relationships, as shown in table 
7-5, vary greatly for the same pressure reading 
when an 0.5 rather than a 1.5 millimeter orifice 
plate has been used. 

The results obtained with either routine shop 
method depend upon the selection of the proper 
orifice, but, more important, upon the cleanliness 
and calibration of the orifice plates. Neither shop 
method is as accurate as the standard test; and, 


periodically, determinations obtained by shop 
techniques should be compared with results 
from a standard test. Of the two routine methods 
for determining permeability, the pressure 
versus orifice opening method is the most satis- 
factory. But even here, if the results vary 
more than 10 percent from the permeability as 
determined by the standard, it is an indication 
that recalibration or cleaning of the orifice 
plates is required. 


Normally, you will be concerned only with 
the determination of green permeability; that 
is, the permeability of the sand used to con- 
struct green-sand molds. However, other per- 
meability tests that you may perform are base, 
dry, and baked. In principle, all are determined 
in the same way with a test specimen of the 
same size. The procedures vary only in minor 
details. If possible, take permeability readings 
on three different samples from the same lot 


of sand, and then take the average of these 
readings as the permeability, for control 
purposes. 


Compression Strength Test 


To test sand for its green compressive 
strength, prepare a specimen sample in the 
Same manner as described in the test for per- 
meability. In fact, a specimen already used for 
a permeability test will be suitable if it has 
not been damaged in the previous test. 


The sample must then be stripped from the 
tube with the stripping post, and placed between 
the compression heads of the lower part of the 
strength testing equipment. Be careful to seat 
the specimen correctly, and to have the face 
that was the top face during ramming, positioned 
against the right-hand compression head. Figure 
7-7 shows the sand specimen placed inthe testing 
equipment. | 


As the arm on the test apparatus is raised, 
the rate of motion can affect the test results, 
so you must be careful to maintain a slow and 
uniform speed of operation. If the arm is raised 
by a motor-driven operation, rate of motion is 
automatically controlled. When the specimen 
breaks, the motor automatically reverses, and 
returns the arm to the bottom position. With 
hand operation, the arm must be returned 
manually. 

A small magnetic rider on the scale against 
the compression head moves as the arm is raised, 
but remains in the position attained by the arm 


141 


Ф 


Ф e Ф Ф е © e e eo oe ө e е Ф е . e . . . e 
1o 0 у сх Ui i (о [V — охо оо -1 O Ur iP (о Nne о 0 оо 4) O Uri (о № 5 о0о со-з O* Ur i (о № — охо оо у O Ui iS (о N YE 


PPP PPP oH oH oH oH OD ll CO. lh WwW WWW WN Co Fo. Fo. Co C. Fo. WD DPD m кю кюе RM ке ке ке ке ке ке С с) со оо с со со O O 


MOLDER 3 & 2 





18.112X 
Table 7-5.— Pressure and Equivalent Permeability Values as Obtaíned with Orifice Plates 






Permeability 


Permeability 








Pressure, grams Pressure, grams 













Small Large Small Large 

ibd EE orifice, orifice, pero emm orifice, orifice, 
0.5-mm 1.5-mm 0.5-mm 1.5-mm 

А dk se wr tend DX, s. uuo de йоу Жа 138 
"T DA pe 134 
edes areas LAE BIA vun UR e e 128 
Stee Soleo i А ООО: 126 
ЧОЛ ГИЧ Lr M oe ae 122 
Voca aL и ue eo no M EI 119 
aq LP MR оь ES E 115 
PE Er DT CNN е аа 112 
í P DIN iS eiu кР 108 
wot DE cto d Er 105 
CRT 6:0-4.5 ан. ; 102 
LR ME EE Gol ey желга oe 0.3 99 
ET ОА A ue os eens 0.0 96 
ore eU exe s , ON. E 9.7 93 
GAG, Aig tes Асте е OPE, MEAE IER PER ЧУ 9.4 90 
Tou A реа tenon. М ro eee eae 9.0 88 
Em Я 6:6 L3 ades ER 8.8 85 
soia QUE dc Жой 6.7. . Mm 8.5 82 
е EO COR 6408 а К" 8.2 80 
avr Gu uas гаг 7.9 77 
ТЕ TE 7.0 .. "ET 7.7 75 
РТ dud е o jab 145 73 
Ss Anse ee oe сы et du Bow qe RENS 7.2 70 
P TP ТЫЗ. wen Eo. x die eS 7.0 67 
Е" Ао E 6.7 65 
ЧЕРИ UE à du D. ecelesie acie О 6.5 63 
EROR TET : ym PP 6.3 61 
ИЕ таа жыш ee Я 6.0 58 
Е TE a еа. ОБЗ ТЭ 5.8 56 
"PI 8 peo pm 5.6 54 
ge is eae PDT BIO о deo See ene X 5.3 52 
Oe es о аа к 8.1... п 5.1 50 
E Ө cu QNS eA ENS 4.9 48 
sig dedo ELE das Meroe 8.5. du $ Ж 4.7 46 
Ca E аш б Sui 43 Xo Р 4.4 44 
бе dogs G8 pP o dr Qux edat S 4.2 42 
rM oed Nets à ВО m is 4.0 40 
if Rees ibe М ӨЗ a UN ets Я 3.7 38 
РЕЧИН o E E d e on 3.5 36 
cB SOUND RR B. xe eee ae Ж 3.3 TE 
е EE , LM э жй лек es Sh 3.1 ERR 
сеооа ten oe SL. ea a we aa У 2.9 odds. teres 
"I" es E. La umo xis omo 2.6 "at 
ЖОЛКУГА ЛУУ" а оа i d^ clo эзе 
Eus ue poss aie toca кл niue de ae od ТРО 2.2 rp 
š PC ee ОЭ m 1.9 sioe nt жой 
—— M 9.6 . dr ee E 1.7 "ap 
TP ^ 9.7 . V wd eeu 1.4 RN E ER 
Е" 9.8 . i IM 1.1 éd Ж 





142 


Chapter 7 — MOLD MATERIALS AND TESTS 





SHEAR HEADS FOR DRY SCALE (psi) 
OR BAKED SAMPLE 


SHAFT AND BEARINGS 







: | 
No em 


\@ 


| V 4 LEAD WEIGHT PENDULUM 


| i 
/ COMPRESSION HEADS ; 
| FOR GREEN SAMPLE ДУ, 


o 





PUSHER ARM BB 


РА. N 
HAND CRANK Zl 


MAGNETIC RIDER 


18.39X 
{1-7.— Hand operated universal sand 
strength machine. 


Figure 


when the specimen breaks. Read the green com- 
pressive strength of the sample from the back 
of this rider, on the appropriate scale. 

There are three general rules that you should 
follow to ensure maintaining this testing equip- 
ment in good operating condition: 


1. After each test, be careful to remove all 
the sand from the broken specimen. 

2. Give special attention to keeping grains 
of sand and dirt out of the bearings. 

3. In lubricating this testing equipment, use 
only graphite or a similar dry lubricant. 


HARDNESS TEST 


HARDNESS is a property that goes hand in 
hand with permeability. If the tamping is not 
properly done, hardness may vary throughout the 


mold. Tamping too hard in one spot, or allowing 


the mold to stand for any length of time during 
this process, can bring about an unevenness. 

Aboard some repair ships or tenders, some 
sort of equipment for measuring surface hard- 
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7-8. — Device for determining surfa 
hardness. 


Figure 


ness of a mold is available. The surface har 
ness tester shown in figure 7-8 is designed 
measure mold hardness in a way similar to tł 
of the Brinell hardness tester used to determi 
the hardness of metals; here, though, a 1/2-inc 
radius ball is Ioaded with a 980-gram spri 
load. To determine mold surface hardness, bri 
the faceplate in firm level contact with the mc 
surface and read the hardness directly from t 
dial. Excessive pressure has no effect on t 
reading. If it is desired to hold the indicat 
needle at the hardness measured, depress t 
hold button. In practical terms, readings frc 
20 to 30 indicate a very soft surface of the mol 
readings from 30 to 50 indicate a soft ramm 
mold; readings from 50 to 70 indicate a mediu 
surface hardness; readings from 70 to 80 indica 
a hard rammed mold surface; readings frc 
80 to 95 indicate a very hard rammed mol 


CHAPTER 8 
MOLDS AND MOLD CONSTRUCTION 


A number of different materials (loam, ce- 
ment, plaster of paris, metal) may be used for 
constructing molds, but in the Navy foundries the 
basic molding material is always sand. This 
Sand may be natural bonded, oil bonded, or it 
may be synthetic. From your study of Chapter 7, 
Mold Materials and Tests, you have learned 
the importance of proper mixing of the sand, 
and control of the moisture content. 

Besides the factor of good sand control, 
there are a number of other requirements that 
must be met in constructing an adequate mold. 
The sand must be properly rammed; the pattern 
must first be properly set in the mold, and 
later properly withdrawn; the system of sprues 
and gates must be designed so that the molten 
metal will flow freely into the mold cavity; 
risers must be provided, in all but the simplest 
castings, as a reservoir of molten metal to 
compensate for shrinkage as the casting solidi- 
fies; and molds must be vented to permit easy 
escape of gases. 

Some applications will require the use of 
cores (see chapters 9 and 10), to provide for 
internal cavities, bolt holes, bosses, and so 
forth, on the finished casting. It may be neces- 
sary to use chaplets to hold such cores in place. 
In occasional cases, facing nails must be used 
to lock the mold cavity surface with the body of 
the mold. In heavy sections of a casting, chills 
may be needed to ensure directional solidifica- 
tion. 

A single design that might be invariably 


followed in constructing a mold is not feasible,: 


since the kind of pattern, and the material, 
size, and operating requirements of the castings, 
necessitate many variations. This chapter, there- 
fore, is not designed to tell you how to construct 
the ideal mold. Its purpose is rather to give you 
the general principles of mold design. As you 
gain knowledge and experience, you will learn 
how to adapt the mold to the type of metal in- 
volved, and to the shape and bulk ofthe particular 
casting. 


TYPES OF MOLDS 


Three distinct types of molds can be used 
in producing castings: green sand molds, dry 
sand molds, and skin-dried molds. They differ 
from one another mainly in the treatment given 
the mold before the molten metal is poured. A 
green sand mold is one that can be poured as 
Soon as it has been rammed. A dry sand mold is 
one that is slowly baked in an oven before it 
is poured. A skin-dried mold is one that has 
been surface heated with a torch. 

The green sand molds are usually employed 
for castings of light or medium weight, and the 
dry: sand molds for heavy castings. Skin-dried 
molds are used when requirements call for a 
mold having the surface characteristics of a 
dry sand mold combined with the collapsibility 
of a green sand mold, or when an oven is not 
available for baking a dry sand mold. 

When you use a skin-dried mold, you must 
have your melt ready to pour as soon as the 
mold is prepared. The effect of skin-drying 
wil be impaired if the mold is allowed to 
stand, since moisture from the backing sand 
will penetrate to the mold cavity surface. 

Dry sand molds have certain disadvantages. 
The rigidity of such molds resists metal con- 
traction during the solidification of the casting, 
and this resistance is sometimes great enough 
to cause the casting to crack. On the whole, 
however, they provide the best type of mold 
for producing heavy castings which will be 
dependable under normal operating conditions. 
For example, the structure and the hard surface 
of a dry sand mold enable it to withstand the 
eroding tendencies of the force of the flowing 
metal, and to support the weight of large volumes 
of metal. The baking process eliminates mois- 
ture, and thus lessens the possibilities of forma- 
tion of mold gas, and of rapid chilling of the 
metal. 

Molds may be classified according to size: 
bench mold, floor mold, or pit mold. Bench 
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molds are those small and light enough to be 
handled by one man; most of the molds required 
in Navy work will be of this type. A mold that is 
too large for one man to handle is usually 
constructed on the foundry floor. Pit molds are 
used when the size of the casting requires a mold 
constructed in a large pit in the foundry floor. 
A Navy Molder will rarely, if ever, have to 
construct a pit mold. 


PARTS OF A MOLD 


Construction details of a mold depend upon 
the size and shape of a casting, but there are 
certain component parts that are common to all 
molds. Obviously, there must be a cavity having 
the shape of the desired casting. Means must 
be provided for the entrance of molten metal. 
Provision must be made for ensuring proper 
solidification. Normally, then, all molds will 
have cope, drag, mold cavity, pouring basin, 
sprue, gate, riser, and vents. In addition, cores 
and various supporting devices may sometimes 
be required. 

At this point, you may find it advisable 
to review the definitions in Appendix I of this 
training manual. Make sure that you can trace 
the path of the molten metal, as described in 
the following paragraph. Once you have familiar- 
ized yourself with the names of the mold parts, 
and with the way in which the molten metal 
is corveyed to the mold cavity, you will have 
the basic information necessary for understand- 
ing the discussion in this chapter. 

The path of the molten metal is as follows: 
It is poured into a basin located in or on the 
top of the cope; from there it passes down a 
vertical sprue through the cope, and into a 
horizontal channel or gate that is cut in the 
parting plane of the drag and leads into the 
mold cavity. These basic elements are shown 
in figure 8-1. The riser and vents, also illus- 
trated in the figure, are not a part of the design 
for conducting the molten metal from ladle to 
mold cavity. However, vents always are neces- 
sary to the casting process; and risers usually 
are. 


MOLD CAVITY 


For very simple castings, the molding cavity 
may be confined to the drag portion of the mold, 
but for most castings you will ram up your 
pattern so that the mold cavity is in both cope 
and drag, in relatively equal proportions. The 
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68.1 
Figure 8-1.— Basic parts of a mold. 


procedures that you should follow in constructing 
the cavity either entirely in the drag, or partially 
in both cope and drag, are discussed in a later 
section of this chapter under ''Molding Pro- 
cedures."' 

The fundamental requirement is that, after 
drawing the pattern, you have a cavity left that 
is essentially the size and shape of the casting 
to be made. Some possible variations in size 
may be indicated on the blueprints, but these 
tolerances will always be relatively minute. A 
variation in shape may be due to bosses that 
will be welded on later, rather than cast, or to 
the necessity of producing castings in sections 
which can be joined later. 

Sprues, gates, and risers are rammed up at 
the same time as the pattern. After the pattern 
is withdrawn, the Molder can add any required 
finishing touches to sprues and gates. Such 
finishing touches would be slicking down the 
sand, and rounding off sharp edges. 


POURING BASIN 
AND SPRUE 


Several designs of pouring basin are satis- 
factory. A tapered, cone-shaped cavity can be 
formed directly over the sprue; this is probably 
the most commonly used design. However, the 
basin may also be bell-shaped, or it may be 
located alongside the sprue, with a dam or 
elevation between it and the sprue. Typical 
pouring basin designs are illustrated in figure 
8-2. 

If you are constructing a pouring basin of the 
type shown in part A of figure 8-2, have the 
diameter at the top of the cup about 2-1/2 or 3 
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68.2 
Figure 8-2,— Pouring basins. 


times that of the sprue, and give the cup walls 
a steep angle. The depth of the cup should be 
slightly less than the diameter at the wide part. 
Thus, if you have made a sprue that is about 2 
inches in diameter, form the pouring basin so 
that it measures between 5 and 6 inches across 
the top, and has a depth of not more than 5 
inches. This is the general type that you should 
use on molds for steel castings, with a sprue 
diameter of 2 inches or more. 

The type of pouring basin illustrated in 
part B in figure 8-2 is also used for steel cast- 
ings, but where the sprue is less than 2 inches 
in diameter. The diameter at the top of the 
basin should be about three times that of the 
sprue, and the depth of the basin should be 
slightly less than the diameter. The shape of 
this basin provides a larger metal capacity than 
does the cone-shaped type of similar dimensions; 
it enables you to pour the metal without splashing, 
and to keep the cup filled while the casting is 
poured. | 

The type of basin illustrated in part C of 
figure 8-2 utilizes the damlike entrance to the 
sprue to separate the slag from the molten metal. 
Like types A and B, this pouring basin must be 
wide enough and deep enough to prevent the 
Splashing of metal during pouring. 

For a casting other than steel, any of the 
above types of pouring basin may be used, but 
they should be made to slightly smaller dimen- 
sions. For any type of casting, however, the basin 
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must be adequate for the sprue, and its capacity 
must be sufficient to permit pouring without 
splashing. The basin may be constructed either 
in the cope or as a separate structure on top of 
the cope, depending upon the amount of space that 
is available in the cope. 

Unless the basin is kept filled during the 
pouring procedure, it will fail to serve its 
function of excluding slag and dirt from the mold. 
Since the slag and dirt rise to the top of the 
molten metal, your success in keeping it out 
of the mold cavity is better if you can fill the 
pouring basin before any metal runs through 
the sprue. A device for momentarily holding 
back the metal flow is the slag strainer stocked 
by the Navy. This comes in sheets of tin-plated 
steel, with minute perforations. The steel sheet 
can be readily cut to the size required to cover 
the runner or sprue hole. Inserted over the 
entrance to the sprue, this thin, perforated sheet 
delays the passage of the metal, and then melts 
after it has served this purpose. 


GATING SYSTEM 


The gate is an opening between the sprue 
(or runner) and the mold cavity, providing a 
channel for the molten.metal. Actually, few molds 
are made with a single gate, since multiple 
gating ensures the rapid filling of the mold 
cavity and prevents the concentration of hot 
spots in the casting. However, the term ''gating 
system" is employed as a general term to 
indicate the entire assembly of connecting 
columns and channels carrying the molten metal 
from the top of the mold to that part forming 
the casting cavity proper. This term also applies 
to the pattern parts which form the passages, 
or the metal that fills them. 

The means whereby the molten metal is intro- 
duced into the mold—and a knowledge of what 
happens when the molten metal follows a pre- 
scribed path as it enters the mold—are factors 
of primary importance in the production of a 
sound usable casting. The basic parts of a 
simple gating system are illustrated in figure 
8-3; they play an important part in the directional 
and dimensional control of a casting. The design 
is based upon meeting the following three aims: 


1. Filling of the mold. 

2. The avoidance of any mold damage caused 
by the eroding action of the molten metal or 
alloy. 

3. The establishment of the proper tempera- 
ture gradients, so that the gating system is not 
responsible for shrinkage cavities in the casting. 
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IN-GATE 





. 102.44 
Figure 8-3.— Parts of a simple gating system. 


To achieve these aims, the gating system 
must be designed to do the following: 


1. Permit the complete filling of the mold 
cavity. 

2. Introduce the molten metal into the mold 
with as little turbulence as possible to eliminate 
any gas pickup and to prevent mold erosion. 

3. Regulate the flow of metal into the mold 
cavity. 


In any gating system, careful consideration 
should be given to the following: 


1. The type of ladle and ladle equipment used. 

2. The size, type, and the location of the 
sprue and runners. 

3. The size, number, and location of the 
gates entering the mold cavity. 

4, The rate of pouring. 

9. The position of the mold during pouring. 

6. Type of metal being poured. 

7. The temperature and fluidity of the molten 
metal being poured. 


When gates are improperly designed, they 
interfere with the directional solidification of 
the casting. To obtain the maximum efficiency 
from a gating system, it is suggested that you 
follow these basic gating design rules: 


1. Use round sprues whenever possible.—A 
circular cross section has the minimum surface 
area for cooling and offers the least resistance 
to metal flow. 


2. Taper the sprue.— The sprue should be 
tapered with the small end toward the casting; 
this helps to keep the downgate full of metal 
when pouring. At the point where the sprue 
connects with the gate, an enlargement-type 
sprue base or well-type sprue base, illustrated 
in figure 8-4, should be rammed in the mold or 





À ENLARGEMENT-TYPE SPREE BASE 


RUNNER 





B WELL-TYPE SPREE BASE 


102.124 
Figure 8-4.— Types of sprue bases. 
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constructed after the mold is rammed, As the 
stream of molten metal descends, it will form 
a pool in this basin; such a pool acts asa 
shock absorber, and prevents the molten metal 
from eroding the molding sand. 

3. Streamline the gating system.—Sudden 
Changes in the direction of metal flow cause 
Slower filling of the mold cavity, and such 
areas are more easily eroded, causing turbulence 
in the molten metal, resulting in gas pickup. 

4. Use patterns for the gating system. — The 
gating system should be formed as part of the 
pattern equipment whenever possible. This per- 
mits the molding sand to be rammed harder 
and reduces sand erosion. 


A gate must be small enough so that it is 
kept full of molten metal during pouring. In this 
way, floating sand or slag will be caught and 
held by the sand surface above the gate. If the 
gate is not kept full, the sand and slag may be 
carried into the casting cavity. The surfaces 
of a cut gate must be slicked down (pressed) 
to make firm the sand that was loosened by the 
gate cutter. 

A gate must be large enough to admit a 
sufficient amount of molten metal to fill the mold 
cavity before the metal freezes and stops flow- 
ing. At the same time, the gate must not be 
too large, or else the casting will feed the 
gate. 

Size, shape, and cross-sectional thickness 
of the casting help to determine the type of 
gate to be used. Thin castings are fed through 
wide, shallow gates that will allow the molten 
metal to run fast enough to form the casting 
properly, and yet leave the gate weak enough 
so that it may be broken off without breaking 
into the casting. All in-gates should be choked 
somewhat, that is, they should have a cross- 
section area Slightly smaller than that of the 
casting. This reduction in size must not be so 
pronounced, however, as to produce a shower 
effect as the molten metal enters the mold 
Cavity. 


5. Maintain a proper -gating ratio. — There 
is a definite relationship between the cross- 
sectional areas of the sprue, runner, and the in- 
gates. The rate of filling the mold cavity should 
not exceed the ability of the sprue to keep the 
entire gating system full of molten metal at 
all times. The cross section of the runner 
should be reduced in size as each gate is passed; 
this keeps the runner full of molten metal 
throughout its entire length and results in an 


even flow of metal through all of the in-gates. 
If this procedure is not followed in a multiple 
gating system, the molten metal will have a 
tendency to flow through the gates farthest 
away from the sprue. An example of the use of 
the gating ratio is illustrated in figure 8-5. 


A gating ratio of 1:3:3 has proven satis- 
factory for an aluminum casting of the shape 
and size illustrated. The first number of the 
ratio refers to the cross-sectional area of the 
sprue base, the second number refers to the 
total cross sectional area of all the runners 
from that sprue, and the third number refers 
to the total cross-sectional areas of the in- 
gates. In other words, the area of the sprue 
base is 1/3 that of the total area of the runner, 
and the total cross-sectional area of the run- 
ners equal the total cross-sectional area of 
the in-gates. 


6. Maintain small in-gate contact.— The area 
of contact between the in-gate and the casting 
should be as small as possible unless gating is 
done through side risers. 

7. Utilize natural channels. —In-gates should 
be so placed that the incoming flow of molten 
metal takes place along any natural channel in 
the mold and does not strike directly on a mold 
surface or core surface. 

8. Avoid excessive in-gate choking. — The in- 
gate should not be choked in the mold so that 
it causes the molten metal to enter the mold at 
such a high rate of speed that a jet action 
effect is produced. Besides the danger of ex- 
cessive metal turbulence, the mold may not be 
able to withstand this force, resulting in sand 
erosion. However, choking of the in-gate to 
assist in gate removal is a proper procedure, 
if a number of in-gates are used to allow an 
adequate amount of molten metal to enter the 
mold without too great an increase in velocity. 
The edge of the gate at the mold cavity must 
be rounded off; if sharp edges are left, they 
will delay solidification in areas adjacent to 
them, and cause shrinkage cavities in the cast- 
ing. 
9, Use multiple in-gates.— Unless a casting 
is small and of simple design, several in-gates 
should be used to distribute the molten metal to 
the mold cavity, fill the mold rapidly, and reduce 
the danger of hot spots. 

10. Provide gates that can be easily cut off.— 
Gates should be placed where they may be 
easily cut off and properly finished to the cast- 
ing’s contour. If any parts of the casting are 
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thinner than others, it is advisable to place 
the gates at these points. 


To better understand the methods used to 
accomplish the proper filling of the mold cavity 
with the least trouble from mold erosion and 
internal shrinkage cavities, study figures 8-6 
and 8-7 which give the recommended gating 
nomenclature and the proportionate size of some 
of the more commonly used gating systems. 

When planning the type gating system to be 
used for a given casting, it is necessary to 
apply the fundamentals previously mentioned, 
and select the number, type, size, shape, and 
location of gates best suited and most con- 
venient to use in filling the mold cavity at the 
desired rate. | 

Gating from the top of the mold cavity leads 
to turbulence in the molten metal, and is likely 





23.15 
Figure 8-5.— Illustration of gating ratio for aluminum. 


to cause erosion of the molding sand. In spite 
of these disadvantages, top gating will continue 
to be used, especially where the metal drop is 
slight, because it ensures a favorable ''tempera- 
ture gradient." This term means, in everyday 
language, that the hottest metal will always be 
in the riser, and the coolest metal will be in the 
bottom of the mold. 


Gating from the bottom of the mold cavity 
cuts down turbulence and erosion, and is a 
practical aid to the production of clean castings. 
Here, however, the temperature gradient is 
unfavorable, with the hottest metal at the bottom 
of the mold, and the coolest in the riser. Such 
a situation generally results in improper feeding; 
this disadvantage can be offset to some extent 
by a fast pouring rate. The subject of top and 
bottom gating is discussed more fully later. 
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various types of gating. 


Figure 8-6.— Nomenclature recommended for 
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Another important factor to be considered is 
те ег or not the finished casting must be clean. 
. certain amount of dirt will remain in the 
luid metal, and you must depend upon your 
ating design to keep this out of the mold. If 
he gate is cut so that the metal has too much 
all when it enters the mold, cutting of the sand 
vill probably result. Keeping the gates full 
Hill help to screen out dirt, since the light 
veight of the dirt causes it to stay at the top 
f the metal. Gating from the bottom of the mold 
s also a method of keeping the casting clean. 
remember that while some castings may be 
ull of dirt holes and still usable, others will 
ауе to be scrapped if they are spotted with 
іпһо1еѕ made by dirt in the metal. 

Unless the type of gate that is used is capable 
f feeding the required amount of metal, there 
nay be a malformation of the casting. To ensure 
roper feeding for the various sizes and shapes 
f castings, the foundry industry has developed 
‚ number of different designs for gating. The 
[L3 and ML2 should be familiar with parting 
ine gating, top and bottom gating, and with 
such types as step and whirl gates. There are 
nany variations of these basic types—for ex- 
imple, horn gates and pencil gates. AS you 
горгеѕѕ to ML1 or MLC, you will appreciate 
hat the diversity of gating designs enables 
rou to meet the problems involved in practically 
ny type of casting. 


PARTING LINE GATES are easily con- 
tructed; in most cases, they are simple chan- 
els, between sprue and mold cavity, cut in the 
гас of the mold parting joint. It is preferable 
o have the gate enter directly into a riser, 
vith the mold cavity being fed from the riser. 

These gates produce a temperature gradient 
most as good as the gradient obtained with top 
rating. There may be a problem of mold erosion, 
specially if the cope is deep, or if the metal 
гор from the gate to the bottom of the mold is 
onsiderable. If the tendency to erosion cannot 
е offset by correct sand practice and sand 


ontrol, you will do better to use another type, 


f gating. 


BOTTOM GATING is especially good when 
оц are working with bronzes or with alloys 
hat have a tendency to drossing. This type of 
ating introduces the metal into the cavity with 
| minimum of turbulence. As mentioned before, 
t has the disadvantage of a less favorable 
emperature gradient than would be established 
vith parting line or top gating. For large and 
еер castings, the metal can be run down to 


the gate by steps, to prevent washing in the 
runner, 

Although bottom gating has a less favorable 
temperature gradient, the chief objection is the 
extra work involved in making the bottom gates, 
and in ensuring that there will be no cutting of 
the sand as the mold is poured. Commercial 
foundries meet this difficulty by using gate 
cores. These cores can be made in halves, 
and then joined after baking. Figure 8-8 illus- 
trates the use of such a core, to protect against 
sand in the mold being eroded by the fall of 
metal. 

TOP GATING is suitable for shipboard use 
only if the mold is capable of withstanding 
erosion, and if the casting metal is nondrossing. 
This latter factor eliminates most nonferrous 
castings, and the dross- or slag-forming alumi- 
num and manganese bronze alloys. Ferrous 
castings of simple design, however, may be 
successfully produced with top gates. Splashing 
and mold erosion can be minimized by the use 
of pencil gates or perforated metal plates. 

STEP GATES illustrate a type of combina- 
tion gating system that includes the good features 
of both top and bottom gating. Each gate is 
constructed with an upward incline, as indicated 
in figure 8-9. The first metal in the mold enters 
through the bottom gate; as the cavity fills, 
a higher level gate becomes active. 

With this system of progressive filling, you 
can obtain a quiet, nonerosive flow of metal, 
combined with the preferred temperature gradi- 
ent. You can see, by studying figure 8-9, that 
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Figure 8-8.— Mold gated from bottom, with 
gate core used to prevent cutting. 
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Figure 8-9.—Step gating. 


the hottest metal will be in the riser, thus 
providing proper feeding after the pouring is 
completed. - 

WHIRL GATES combined with parting gates 
are a useful device for collecting and trapping 
dross, dirt, and eroded sand. To be effective, 
a whirl gate must be made with a diameter 
larger than that of the riser that feeds it, and 
the cross-sectional area of the sprue or runner 
entrance must be larger than that of the in-gate 
between the whirl gate and the casting. This 
construction develops a swirling action which 
washes dirt and sand on top of the metal stream 
into the riser. If the two in-gates were of equal 
cross-sectional area, the metal would flow 
through without any swirling action. 

For gears, handwheels, and similar castings, 
have the in-gate between whirl and mold cavity 
enter the cavity at a tangent. This arrangement 
causes the molten metal to run in one direction, 
and prevents cold shuts that might be formed if 
the metal were to flow to several points in the 
mold at the same time. 

A SKIMMING GATE is advisable in cases 
where dirt-free castings are required. The skim- 
mer, illustrated in figure 8-10, is very much 
like a riser, but its primary function is to 
receive excess liquid metal rather than to feed 
it. However, channels are sometimes cut from 
riser to sprue, to accomplish the same purpose. 

A sprue and a skimming gate are set in the 
cope of the mold, and connected by a channel 
along the parting line between cope and drag. 
The gate feeds from the lower part of this 
channel; since the gate is approximately half 
as large as the channel, it takes only a portion 
of the fluid metal. The upper portion, upon 
which the dirt floats, is forced up into the 
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102.47 
Figure 8-10.— Use of skimming gate. 


skimmer by the pressure of the metal that is 
being constantly poured into the sprue. 


Skimming gates are rarely used except where 
clean castings are definitely required, since 
the use of this type of gate demands more 
metal than would ordinarily be melted for a 
casting of the same specific size. 


PENCIL GATES can be used when arelatively 
large volume of metal must be rapidly intro- 
duced into a thin casting. These gates have a 
circular cross section approximately 1/2 inch 
in diameter, and are usually employed in clusters. 
They are frequently incorporated into the gating 
systems for nonferrous castings. 


The HORN GA TE, which is just what the name 
suggests, is a common design for a bottom gate. 
If the small end of the horn is placed next to 
the mold cavity, you are apt to get a spraying 
effect as the metal is poured. If for some reason 
you cannot locate the horn gate with the large 
end against the mold cavity, you should at least 
enlarge the narrow end into a wide chamber so 
that it can better feed the casting. 


RISERING SYSTEM 


Castings having a simple design may be 
produced by utilizing nothing more than the 
gating system. More often, though, the shape 
of the casting requires the use of risers in- 
corporated in the gating system. To the layman 
who does not understand the process of solidifi- 
cation of metals or a riser’s purpose and function 
in the mold design, its use is often thought to 
be a waste of time, effort, and metal. In fact, 
very few sound castings can be produced without 
the use of either an open riser or a blind riser 
to supply hot feed metal to the casting asit 
solidifies. 
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The principal reason for using a riser is to 
furnish molten metal to compensate for solidifi- 
cation shrinkage in the casting during the trans- 
formation from a liquid state to a solid state. 
In addition, a riser eliminates the hydraulic- 
ram effect (similar to the water ''pound'' when 
a valve is closed suddenly) when the mold is 
full, helps to flow off cold metal, and vents the 
mold. At the time the mold is completely filled 
with molten metal, there may be a sudden and 
large increase in pressure in the mold because 
of the motion of the flowing metal. This added 
pressure may be enough to cause a runout or 
may cause a deformed casting. A riser permits 
the molten metal to flow into the mold cavity 
evenly instead of coming to a sudden stop. 
Therefore, the riser reduces the pressure (hy- 
draulic-ram effect) which may cause a deformed 
casting. When a casting is poured, the per- 
meability of the sand may not be capable of 
permitting air and other mold gases to escape 
fast enough. A riser open to the atmosphere 
provides an easy escape for the produced gases. 
In addition, an open riser permits the Molder 
to see how rapidly the mold is being filled and 
provides a means of regulating the flow of 
molten metal. 

During the casting process, the riser is a 
reservoir of molten metal attached to the casting 
from which the casting draws reserve metal 
during solidification to compensate for the in- 
ternal shrinkage and contraction. If reservoirs 
of reserve molten metal are not available, voids 
or shrink cavities will develop within the casting. 
The use of risers to feed the casting during 
solidification is designed to prevent this type 
of shrinkage from developing. The mere provision 
of a riser, however, does not ensure a sound 
casting. To be effective, the riser's shape, size, 
and location must be such that it serves the 
sections needing additional metal during the 
final stages of solidification. Further, since 
the metal in the riser must be the last to 
solidify, the riser must be large enough so it 
serves as a reservoir of molten metal and re- 
mains liquid long enough for the casting to 
solidify. If the riser or any portion of the riser 
solidifies before the casting, the riser will draw 
metal from — instead of supplying metal to — the 
casting. 

From the standpoint of solidification, the 
ideal shape for a riser would be that of a sphere 
because it has the smallest surface area for a 
given volume. À sphere, however, is impractic- 
able because of molding difficulties that make it 
impossible to use as a riser. Therefore, the 


Molder will use the next best geometrical shape, 
which is a cylinder. (Blind risers make the 
closest approach to the ideal shape because they 
use a cylindrical body with a spherical dome.) 
The least desirable shape is a rectangle or a 
square because a large amount of surface area 
at the corners accelerates solidification. Molten 
metal in the corners of square or rectangular 
risers solidifies rapidly because of the large 
amount of surface area to which the molten 
metal is exposed. Figure 8-11 illustrates that 
square risers are only as effective as an in- 
scribed circular riser would be. Notice that 
the metal in the corners of the square riser is 
wasted. There may be a time when itis necessary 
to modify the cylindrical shape of the riser at 
the contact point between the riser and the 
casting proper. However, this contact area should 
avoid square corners, and all portions above 
the neck of the riser should be cylindrical. 

In general, the riser should be located close 
to and above the particular part of the casting 
that (because of shape or cross-sectional thick- 
ness) requires special attention to feeding. The 
channel (in-gate) to the mold cavity must be 
large enough to maintain the feeding flow of 
molten metal for as long as it is needed. At 
the same time, it must be small as compared 
to the riser in order to be easily removed after 
solidification. 

Since the principal function of a riser is to 
serve as a reservoir of molten feed metal for 
those portions of a casting that are the last to 
solidify, there is no set standard riser design 
a Molder can follow. The Molder will have to 
determine which sections of the casting will 
have to be fed by the risers and then design a 
riser that will supply these sections. It is 
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Figure 8-11.— Effectiveness of square and round 
risers. 
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important that the Molder know the metal or 
alloy that is to be used for the specific casting 
because solidification problems vary, depending 
upon the type of metal involved. 


When you have studied the casting, and deter- 
mined the location of the heavy sections that are 
to be fed by the risers, you could determine the 
required size of the riser by calculating the 
volume shrinkage that can be expected to occur 
in the section to be fed, and then selecting 
dimensions for the riser that would ensure the 
correct delivery of the necessary feed metal. 
This delivery of the required amount of feed 
metal to the casting is precisely the basic 
problem of the risering system. Several factors 
involved in this suggestion would only be esti- 
mates and the results would be subject to some 
degree of error. A simpler and more practical 
method of determining the riser’s size is de- 
scribed in the following paragraphs. 


The riser’s size is determined by the section 
of the casting it feeds. The sections that require 
feeding are those adjacent areas having dif- 
ferent cross-sectional thicknesses; for example, 
where the casting walls intersect in the form 
of a tee. In determining the size of the riser, 
the first step is to scribe a full-sized cross- 
sectional view of the section requiring the riser. 
(See fig. 8-12.) Next, scribe the largest circle 
possible within this area. (See circle A in 
either part A or part B of fig. 8-12.) Measure 
the diameter of the inscribed circle and multiply 
that measurement by 1.5. The result is the 
diameter of the riser contact area of a suitable 
riser for the section of the casting under con- 
sideration. The riser diameter should widen 
to a slightly greater diameter above this point 
of contact as shown in figure 8-12. 
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Figure 8-12, — Inscribed circle method for cal- 
culating riser size. 


Having determined the riser diameter, the 
next consideration is its height. Do not be 
misled into thinking that adding extra height to 
the riser will ensure added pressure (from the 
column of molten metal) that will keep the neck 
of the riser open. Actually, the maximum effec- 
tiveness of any riser is obtained when its height 
is 1.5 times its diameter. Any added height over 
the 1.5 diameter-to-height ratio is a waste of 
metal. Too short a riser is equally ineffective, 
since it will fail to provide sufficient metal to 
compensate for casting shrinkage. 

As illustrated in figure 8-12, risers must 
be located so that they can directly serve the 
area requiring extra metal during solidification. 
If the riser shown in part B of figure 8-12 were 
located on top of the flange instead of at its 
side, the large cross-sectional area at the tee 
would not be served adequately. 


Two kinds of risers are employed in mold 
construction: open risers and blind risers. The 
open riser cuts all the way through the cope 
half of the mold and is easier to construct 
than the blind riser. Further, the open riser 
is open to the atmosphere, and atmospheric 
pressure (14.7 psi) on the surface of the metal 
in the riser operates to feed the casting effec- 
tively. In the open riser, a great deal of heat 
is lost to the atmosphere through radiation. 
The blind riser does not cut through the cope 
of the mold, and proves more efficient in the 
delivery of feed metal to the casting. As an 
example of comparative effectiveness, laboratory 
experiments reveal that open risers do not 
deliver more than 20 percent of their volume 
to the casting; whereas, blind risers deliver as 
much as 40 percent. 


The dome shape of the blind riser is a 
closer approach to the ideal spherical shape, 
making the riser more effective as a reservoir 
of hot metal. Since the blind riser is surrounded 
by sand, it does not lose heat through radiation 
to the atmosphere as does the open riser. It 
is apparent then, that to meet a given need, the 
size of a blind riser may be somewhat smaller 
than that of an open riser. This is a distinct 
advantage from the standpoint of the total amount 
of metal needed to pour a series of castings. 

Blind risers operate in basically the same 
manner as open risers except it is not necessary 
to place them above the casting in order to feed 
the casting. As in all risers, the molten metal 
must be kept open to the atmosphere, in order 
that atmospheric pressure may bear upon it and 
properly feed the casting. 
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Before discussing the means used to keep the 
ind riser open to atmospheric pressure, an 
'Xplanation is needed of what effect this pressure 
ias on the solidification of a casting. 

Metals solidify as a continuously thickening 
(invelope or skin, and contract in volume upon 
reezing. Upon the contracting of the metal, a 
racuum will tend to form within the casting 
tself if the molten metal in the casting system 
casting, gates and risers) is not acted upon 
у atmospheric pressure. When the vacuum 
starts to form, the atmospheric pressure of 
.4.7 psi may collapse the casting walls if they 
ire weak, Atmospheric pressure may also pene- 
rate at a hot spot in the casting where the 
solidified skin of metal is weak or thin. 

The most successful method of introducing 
itmospheric pressure to the blind riser involves 
he use of a vent core. (See fig. 8-13.) This 
rent core (generally made of a strongly oil- 
jonded sand) is used to break the skin in the 
'óiser and allow the atmospheric pressure to push 
he liquid metal into the mold cavity. (A vent 
‚оге may also be called a fire-cracker or cracker 
sore.) The vent core is permeable enough to 
Пом the atmospheric pressure to enter and act 
ypon the last molten metal in the riser, which 
S at the center of the riser. Metal does not 
solidify rapidly around the vent core because it 
S small and does not conduct heat to the molding 
sand very rapidly. The size of the vent core 
should be proportional to the diameter of the 
`іѕег; a riser diameter up to 3 inches would 
'equire a vent core of 3/8 inch to 1/2 inch in 
liameter, a riser diameter from 3 inches to 
| inches would require a vent core of 5/8 inch 
o 3/4 inch in diameter, and a riser diameter 
rom 6 inches to 10 inches would require a vent 
'ore of 7/8 inch to 1 inch in diameter. 

Referring to figure 8-13, the metal poured 
nto the in-gate must flow first through the blind 
`іѕег and then into the mold cavity. As soon 
is the mold is filled, the molten metal loses 
eat rapidly to the molding sand and an envelope 
r skin forms at the mold-metal face. As tempera- 
ure drops in the mold, more and more of the 
netal solidifies. 

The atmospheric pressure of 14.7 psi acts 
ike a piston on the molten metal in the blind 
`іѕег, forcing the metal into the casting to feed 
iny shrinkage cavities. The shrinkage is con- 
tantly tending to create a vacuum in the casting 
vhile the atmospheric pressure is constantly 
'elieving it. If solidification progresses properly, 
vith the parts most remote from the riser 
reezing first and progressing toward the riser, 
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each successive amount of shrinkage is compen- 
sated for by additional hot metal being forced 
in from the riser. Upon complete solidification 
of the casting, the in-gate into the riser, being 
smaller than the neck of the riser leading into 
the casting, freezes off first and completes this 
part of the closed risering system. 


VENTS 


Molds must be vented to expedite the escape 
of steam and gas generated within the mold as 
the sand is heated to a high temperature. These 
vents are made after the cope has been rammed 
and struck off, by forcing the vent wire down 
through the cope to the mold cavity. 

Pressure of the molten metal against the 
mold sand forces the steam (from the moisture 
in the sand) to flow away from the casting, and 
deeper into the sand. As it reaches sand that 
is still cold, the steam condenses, and thus adds 
more moisture content to this portion of the mold. 
With the heat from the casting penetrating deeper 
into the mold, the moisture is driven farther 
away, until it is concentrated in a thin envelope 
of sand surrounding the casting. 
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Once this impermeable envelope forms, the 
steam is forced back into the still-liquid casting. 
These kickbacks of steam may carry some sand 
with them; the result will be that the casting 
will show blowholes and sandholes, or streaks 
of unsound metal. 

Besides causing these defects in the castings, 
confined gases may build up pressure sufficient 
to blow some of the liquid metal out of the mold. 
Venting, therefore, is a very important factor 
in obtaining good castings. Locating the vents 
is also important; they must be within the 
impermeable envelope of sand, or else they 
will prove utterly useless in providing for the 
escape of gas. 


MOLDING PROCEDURES 


Thus far we have seen that sand molds are 
classified by (1) the sand practice employed— 
green, dry, or skin-dried and (2) the size of the 
mold constructed — bench, floor, or pit. A third 
method of classifying sand molds is based upon 
the basic design of the pattern, which in turn 
is determined by the shape of the casting. Mold 
classifications arising from the pattern shape and 
design are based on the parting line. As pre- 
viously mentioned, several kinds of patterns may 
be constructed, depending upon the requirements 
of the part being produced. When classification 
is based on the parting line of the pattern, the 
Molder is concerned with three kinds of patterns: 
(1) flat-back patterns, (2) straight (split) parted 
patterns, and (3) irregular parting plane patterns. 

A flat-back pattern is one having the draft 
going in one direction from a flat portion which 
may be formed on the joint or parting plane of 
the cope and drag of the mold. The mold cavity 
formed by flat-back patterns is normally con- 
fined to the drag half of the mold. Obviously, 
only simple shapes may be produced with flat- 
back patterns. 

Straight (split) parted patterns have the draft 
going in opposite directions away from the 
joint or parting plane of the mold. The mold 
cavities formed by straight parted patterns are 
not confined only to the drag half of the mold, 
but are, in general, in both the cope and drag 
halves of the mold inrelatively equal proportions. 

Irregular parting plane patterns are those 
shapes which do not lend themselves to the forma- 
tion of a straight parting line at the mold 
parting. Patterns of this type require a special 
molding technique known as ''coping out.'' In 
this procedure the Molder cuts the irregular 


parting plane of the mold by hand rather than 
forming the parting by a straight (flat) molding 
board as he does for straight parted patterns. 
In certain cases, especially in repetitive work, 
a special molding board (follow board) is pro- 
vided by the Patternmaker and used by the 
Molder to create the required parting plane for 
the mold. 

Although there are many variations to the 
techniques described in this chapter, neverthe- 
less, the molding problems presented are typical 
of those which you, as ап МІЗ or МІ2, are 
expected to handle. To be sure, there are more 
complicated molding problems requiring solution 
in the Navy's foundries. You will no doubt help 
other Molders solve problems and construct 
molds involving complicated cores; or you may 
work with patterns having a number of loose 
pieces. Although these aspects of molding are 
not treated in this training manual, the funda- 
mentals presented herein will help you gain an 
understanding of the more complex molding 
problems. Further, they will aid you in acquiring 
the basic knowledges and skills necessary to 
accomplish the more difficult molding problems. 
Master the simple techniques, and the more 
complex problems will tend to take care of 
themselves. Finally, put what you learn into 
practice. 

The following paragraphs will illustrate and 
describe the molding procedures used for a 
Straight parted pattern with cut gates, a straight 
parted pattern with preformed gates and risers 
and a set core, and an irregular parting plane 
pattern made by the coping out method. 


STRAIGHT PARTED AND 
FLAT-BACK PATTERNS 


Since straight parted and flat-back patterns 
are the patterns most commonly used, it is 
necessary only to describe the molding procedure 
for parted patterns and point out the difference 
between flat-back and parted pattern molding. 
(See fig. 8-14.) Notice that the mold cavity in 
the mold shown in part A of figure 8-14 is located 
entirely in the drag section of the mold; this 
is nearly always true in flat-back molding. On 
the other hand, the mold cavity of a mold made 
with a parted pattern, as shown in part B of 
figure 8-14, is partially in the cope and partially 
in the drag. If the cope section of the mold 
cavity of part B of figure 8-14 is ignored, it is 
obvious that ramming the drag half of a parted 
pattern is no different than ramming the drag of 
a flat-back. The cope section of the mold made 
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Figure 8-14. — Differences between molds made from flat-back and split straight-parted pattefns. 


from a flat-back pattern contains only rammed 
sand, except for the gating and the risering 
system. 

Bearing in mind the differences and similari- 
ties, we may proceed with the description of 
the molding procedure for a parted pattern. 
The first section of the description (and the 
illustrations shown in figs. 8-15, 8-16, and 8-17) 
applies equally to both straight parted patterns 
and flat-back patterns. 


Molding a Pattern Requiring 
Cut Gates 


Select a flask of adequate length and width 
to accommodate the pattern. Make sure the depth 
is sufficient to allow space for sand above and 
below the casting; this will eliminate the danger 
of metal runout or mold strain. If the flask 
selected is an interchangeable flask, it doesn’t 
matter which edge of the flask is placed down 
on the bottom board. However, if the flask has 
permanently attached pins, place the flask on 
the molding board with the pins pointing down- 
ward. After the drag section of the mold has 
been rammed, the flask pins will be inthe proper 
position for aligning the cope and drag halves 
together. In either event, the mold board should 
have a smooth surface and it must be large 
enough to extend slightly beyond each edge of the 
flask. 


Check the pattern to be sure it is in good 
condition. It should be clean, so that no sand 
will adhere to it when it is withdrawn from the 
mold. It should be shellacked or painted with 
the standard color code to prevent moisture 
absorption. All pattern parts must fit properly, 
otherwise the finished mold will not produce 
a casting of the required size and shape. 


The part of the pattern that has the female 
dowel receptable in the face of the pattern 
parting is the part of the pattern that is placed 
on the molding board with the drag half of 
the flask placed over it. (See part A offig. 
8-15.) Coat the pattern lightly with parting 
material (partine) and use the hand bellows to 
blow away any excess. (See part B of fig. 8-15.) 
Riddle facing sand over the pattern to a depth 
of about an inch (see parts C and D of fig. 
8-15), and hand pack it around the pattern and 
in the corners of the flask. 


The next step is to add backing sand toa 
depth of 3 or 4 inches, and ram it firmly. (See 
part A of fig. 8-16.) All-purpose (synthetic) 
sand may be rammed as hard as possible. If you 
are working with natural bonded sand, avoid 
hard ramming. Fill up the remainder of the drag 
half of the flask with heap sand, making sure 
there is enough for topping off. (See parts B and 
C of fig. 8-16.) Strike off the bottom of the drag 
with a straightedge or strike. (See part D of 
fig. 8-16.) Place a bottom board on the bottom 
of the drag half of the flask, making sure that it 
bears evenly and fully on the edges of the flask. 
(See part A of fig. 8-17.) 


Rolling the drag over is not a difficult opera- 
tion. For a bench mold, it is possible to grip 
the bottom board, drag half of the flask, and 
the molding board with sufficient pressure to 
hold them in place as you roll the drag over. 
(See part B of fig. 8-17.) For a larger mold 
such as a floor mold, it would be safer to use 
clamps to hold these mold parts together, other- 
wise the movement of the drag will disturb 
the rammed sand. After rolling over the drag, 
remove the molding board (now on top — see part 
C of fig. 8-17) and clean and slick down the mold 
face (parting plane of the mold). This parting 
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Figure 8-15.— Placing drag half of pattern and riddling sand into the flask. 


plane is very important; it is the parting of the 
mold. (See part D of fig. 8-17.) 

At this point of the molding procedure, decide 
on the location of the sprue and risers. If the 
sprue is to be formed by a sprue cutter, a small 
depression is made in the face of the drag 


. parting of the mold to mark the location of the 


sprue. However, if a sprue stick is to be used to 
form the sprue, nothing is done to the drag's 
parting face at this time. 

Place the cope half of the pattern andthe cope 
half of the flask in position as shown in parts A 


and B of figure 8-18. Here, is the only place 
where the molding procedure for a flat-back 
pattern differs from that of a straight parted 
pettern. With the flat-back pattern, the cope half 
of the pattern is nonexistent. Shake parting mate- 
rial (purtine) over the cope section ofthe pattern. 
(See part C of figure 8-18.) The remainder of 
the operation is the same for both types of 
patterns. 

Place riser and sprue sticks in position (see 
part D of fig. 8-18). Riddle and tuck the facing 
sand, as shown in part A of figure 8-19; then 
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fill the remainder of the cope with backing sand 
and ram firmly, as shownin part Bof figure 8-19. 
Strike off the top surface of the cope of the 
mold and construct the pouring basin as shown in 
part C of figure 8-19. Gently rap the exposed 
portions of the sprue and riser sticks extending 
above the top surface of the cope and withdraw 
them from the mold. Clean and slick the top 
surface of the cope as shown in figure 8-20. 
(Note how the sharp edges of both the sprue- 
pouring basin and the risers are rounded to 
eliminate any loose sand from falling into the 
completed mold.) 
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102.52 
Figure 8-16. — Ramming the drag half of the mold. 
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When ramming is complete and the sprue- 
pouring basin and risers have been withdrawn 
and the edges slicked down, the cope half of the 
mold is vented with a vent wire or rod. Before 
removing the cope half of the mold from the drag 
half, blacken the pouring basin with graphite. 

The method used to open a mold depends on 
the size of the mold. Large floor molds may 
require the use of a hoist. In this example, 
the flask is small enough that you can lift the 
cope by hand. The cope is lifted off the drag, 
aided by the flask pins, and is placed ona 
backing board (second mold board) next to the 
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Figure 8-17.— Rolling the drag over. 


drag ‘ith the parting of the mold up as shown 
in part A of figure 8-21. 

Having opened the mold, remove any loose 
particles of sand from the mold joint with the 
hand bellows, ‘then slightly moisten the sand 
around the pattern with a wet camel-hair brush 
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or a wet bulb. Next, lightly tap a draw spike into 
the center of the pattern, ,ently rap the draw 
Spike from side to side and front to back with 
a short length of metal rod. Continue rapping 
the draw spike until the pattern is loose enough 
in the molding sand to be withdiawn from the 
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Figure 8-18. — Preparing the cope half for ramming. 


sand without breaking the mold surface. (Note, 
the pattern from the cope half of the mold and 
the pattern from the drag half of the mold should 
be withdrawn at the same time.) 

Having withdrawn both halves of the pattern, 
cut in the gates between the sprue and riser, the 
riser and the mold cavity, and the mold cavity 
and the second riser as shown in part B of figure 
8-21. In the mold shown in figure 8-21, the gate 
between the sprue and the riser is confined 
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to the drag, while the in-gates between the mold 
cavity and the two risers are cut in both the 
cope and drag halves of the mold. The channel(s) 
thus formed with the gate cutter is smoothed 
down with the fingers, and any mold damage that 
occurs during the pattern withdrawal, or while 
you are cutting the gates, is carefully repaired. 

Having finished tooling and slicking down 
the mold surfaces (gates, sprue button, and 
risers) dust or brush graphite, if required, 
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Figure 8-19. — Ramming the cope half of the mold. 








Figure 8-20.— Finishing touches to the top of the 
cope half of the mold. 


over the tooled areas, as shown in part Bo 
figure 8-21. Blow out the mold halves to remove 
the excess blackening and any loose sand tha 
may be present. If a mold wash is required 
it is applied at this time (part C, figure 8-21) 
Otherwise, the completed rammed mold is closec 
and prepared for pouring of the molten metal 
Whenever a mold wash (water base) is used ir 
green sand molding, it must be skin dryed 
After skin drying, the mold must be close 
and poured immediately. 

The final step before pouring is the closinf 
of the mold. Before closing, however, carefull) 
inspect the mold's interior. While closing the 
mold, the cope half must be carefully lowerec 
and accurately guided into position. If the cope 
is out of alignment while being lowered ovei 
the drag, mold damage is likely to result. Wit] 
the cope properly in position, inspect the parting 
of the mold to see that it is tight enough t« 
prevent metal runout during the pouring of the 
casting. Then clamp and wedge the mold a: 
shown in part D of figure 8-21 and the mok 
is ready for pouring of the molten metal. 
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Figure 8-21. — Completing the mold interior. 


Molding A Pattern 
With Preformed Gates 


In the preceding section, a description was 
given on the procedure for molding a straight 
parted pattern. This section will illustrate the 
molding of a parted pattern with preformed 
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gates, runner, and riser, and the setting of a 
core in the mold prior to the closing of the 
mold. 

Select a flask of appropriate size so that 
sufficient room is allowed between the pattern 
and the flask for the riser and the gating system. 
Position the pattern, gate, runner, and the button 
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of the riser on a smooth molding board as shown 
in figure 8-22. Notice that the molding board is 
of such size that it may be placed between the 
cope and drag halves of the flask. Facing sand 
is riddled over the pattern to a depth of about 1 
inch. Riddling of the facing sand is absolutely 
necessary for good pattern reproduction in the 
molding sand. The riddled facing sand over the 
pattern and the gating system is tucked by hand 
into all pockets and sharp corners as well as 
being tucked around the pattern as shown in 
figure 8-23. 

Backing sand (heap sand) is then shoveled into 
the flask, covering the facing sand to a depth 
of 3 or 4 inches, The backing sand should be 
rammed into the deep pocket in the center of 
the pattern as shown in figure 8-24. The sand is 
then rammed firmly. (Use a pneumatic rammer 
if you are using synthetic sand or a hand rammer 





if you are using natural bonded sand because 102.5 
the permeability of the sand is affected by the Figure 8-23, — Hand-packing riddled sand aroun 
ramming.) Care should be taken to avoid hitting— the pattern. 


or coming too close to— the pattern with the 
rammer. The mold should be rammed uniformly 
hard in order to obtain a smooth, easily cleaned 
casting surface and to avoid any metal pene- 
tration into the sand, swelling, breakouts, or 
other casting defects. When the ramming is 
completed, more sand is added and rammed 
until the flask is filled to a point about 1 inch 
above the top of the flask. 

The excess sand above the top of the flask 
is struck off by means of a straightedge ora 





102.6 
Figure 8-24.— Ramming the deep pocket of t3 
pattern. 


strike as shown in figure 8-25. Instead of strikin 
off the sand in one motion, it is easier t 
loosen the excess sand by a series of shoi 
strokes and then remove it in one motion. Whe 
the struck surface of the mold is smooth, scatte 
a small amount of loose sand over the surfac 
to help give the contact area between the flas 
102.58 апа the bottom board a better bearing for tt 

Figure 8-22, — Drag half of mold міш pattern mold proper. (Good, full, and solid conta 
and gating system parts. between the bottom board and the drag half « 
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Figure 8-25. — Striking off the drag. 


the mold is very important if the mold is to 
have adequate support when the flask is rolled 
over.) 

Place the bottom board on top of the rammed 
drag section of the mold. Clamp the bottom 
board, drag section of the flask, and the molding 
board together and roll the complete assembly 
over, The molding board is now on top. Remove 
the molding board and slick and clean the parting 
surface of the mold. Figure 8-26 shows the 
drag half of the mold rolled over, slicked down 
and ready for the cope halves of the flask and 
pattern. 

Sprinkle parting material (partine) over the 
parting surface of the mold. Blow the excess 
partine from the parting surface with the hand 
bellows or with regulated low pressure com- 
pressed air. Set the cope half of the flask on 
the drag half of the flask, aligning them together 
with the aid of the flask pins. The cope halves 
of the pattern, gates, and the riser, and any 
other part of the gating system that is necessary 
are placed in position in their proper place. 
Figure 8-27 shows the cope half of the pattern, 
sprue, whirl gate, riser, and the cross-gate set 
in position on the drag half of the mold. Riddle 
facing sand over the pattern, hand tuck the sand 
around the pattern, fill in with more sand, and 
ram the cope half of the mold as previously 
described for the drag half. 

Figure 8-28 illustrates the hand ramming of 
the mold with the peen end of the rammer around 


Figure 8-26.— Drag rolled over and ready for the 
cope. 





102.63 
Figure 8-27.— Cope half of pattern and gating 
pieces set on the drag half. 


the inside edge of the flask. This procedure 
should be followed for both the cope and the 
drag; it serves as a means of packingthe molding 
sand tightly against the flask and prevents the 
sand from falling out of the flask during handling 
of the mold. Also note that the sprue and the 
riser forms (patterns) are slightly below the 
top edge of the flask. The cope is rammed in 
the same manner as the drag, with successive 
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102.64 
igure 8-28.— Hand-ramming the partially filled 
cope. 


fillings and uniform ramming. The completed 
mold is then struck off. With the sprue and 
riser forms slightly below the top surface of 
the flask, the excess sand may be struck off 
without disturbing them. 


After the completed mold is struck off, the 
cope half of the mold is vented with a vent 
wire as shown in figure 8-29, Slightly rap the 
sprue and riser patterns and withdraw them from 
the cope. After venting and the removal of the 
sprue sticks and riser, the cope half of the mold 
is lifted off the drag, set on its side anda 
second molding board is placed on the top surface 
of the cope and rolled over to facilitate the 
withdrawing of the pattern. Withdraw the cope 
half of the pattern from the cope side of the 
mold. 


Withdraw the drag half of the pattern from 
the drag side of the mold. (The cutting of the 
in-gates from the runner to the mold cavity 
is done before the withdrawing of the pattern 
whenever possible.) Note in figure 8-30, that 
the in-gates are cut before the pattern has been 
withdrawn from the sand. The withdrawing of 
the pattern halves from both the cope and the 
drag should be done with both hands, as shown in 
figure 8-31, to give better control over the 
pattern. Both halves of the mold are inspected, 
cleaned, and patched as necessary. Any slicking 
done to the mold should be held to a minimum; 
however, the sprue opening should be rounded and 
smoothed at the top surface of the mold to 
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Figure 8-29.— Venting the cope. 





102 
Figure 8-30.— Drawing of the drag half of 
pattern. 


prevent any washing by the molten metal dur 
pouring. 

Once the cope and the drag halves of the m 
are completed, the core is set in position in 
drag half of the mold — with the aid of the c: 
prints for alignment. Better control of the с 
during the setting of the core may be obtai 
by using two hands (and keeping the elbc 
close together) as shown in figure 8.32,” 
completed mold halves ready for closing : 
shown in figure 8-33. 
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102.67 
Figure 8-31.— Pattern withdrawn from the mold. 





102.68 
Figure 8-32.— Setting of the core in the drag 
half of the mold. 


The mold is closed carefully by using the 
flask pins as a guide to lower the cope half 
over the drag. The cope of the mold should 
be lowered slowly and must be kept level. Any 
binding of the cope half of the mold on the flask 
pins often causes the sand in the cope to drop 
out. After the mold is closed and clamped, 


102.69 
Figure 8-33.— Completed mold halves ready for 
closing. 


the mold weights are placed in position, and the 
pouring basin is positioned on the top of the 
sprue opening in the cope side of the mold, the 
mold is ready for pouring. (See fig. 8-34.) 


IRREGULAR PARTING 
PLANE PATTERNS 


Molds constructed withirregular parting plane 
patterns, require a somewhat different technique. 
Since they do not have a surface that can be 
formed by the mold's parting joint— as do flat- 
backs, for example — and since their design is 
such that a straight-parted pattern is impossible, 
the Molder must utilize a technique known as 
coping out. That is, the Molder must cut in 
the parting by hand instead of forming it with 
the mold board. 

When molding with irregular patterns, the 
Molder's ability is definitely challenged. Each 
irregular pattern presents a problem that must 
be solved on its own merits. There is no standard 
solution. However, the problem presented by the 
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Figure 8-34.— The completed mold ready for pouring. 


boiler bracket-- illustrated in part A of figure 
8-35, and discussed in the following paragraphs— 
will acquaint you with the basic points to be 
considered when molding irregularly parted 
patterns. 

The first point to be determined is the 
method of positioning the pattern so that it can 
be withdrawn from the mold, As you can readily 
see from the pictorial view in part A of figure 
8-35, the boiler bracket pattern cannot be molded 
as either a flat-back or a split pattern. Neither 
is its shape such that a 90° vertical-lift draw 
can be made. How, then, is this molding problem 
solved? The solution to this and similar prob- 
lems requires visualization. That is, the Molder 
must mentally revolve the pattern into several 


positions and, from this experience, choose the 
molding position most adaptable and practicable 
for the pattern. 


In the problem under consideration, the flat 
surface of the bracket lip is the most suitable 
plane for the parting. To bring this surface into 
a position parallel with the mold board, a wooden 
support strip having the necessary dimensions 
is placed under the pattern's lip. (See part B 
of fig. 8-35.) Next, strips of wood having a thick- 
ness equal to that of the pattern support strip 
are placed under the flask to bring the lower 
edge of the flask into the same plane as that 
of the pattern parting line. It is obvious from 
this procedure that a portion of the pattern, and 
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thus the mold cavity of the completed mold, 
will extend into the cope section of the mold. 

Having positioned the pattern and flask, the 
procedure followed —riddling in facing sand, 
tucking, filling with backing sand, ramming, 
topping off, striking off, and rolling over — is 
similar to that described for molds constructed 
with flat-back and split patterns. After the drag 
has been rammed, rolled over, and the mold 
board removed, the technique employed is quite 
different from that described for split patterns. 
In the previous split-pattern molding problem, 
it was necessary only to clean and slick the 
exposed mold surface, attach the cope, and pro- 
ceed. In our present problem, the parting plane 
must first be cut down by hand before proceeding 
with cleaning and slicking the drag's parting 
surface. 


Coping out in this problem is accomplished 
by removing the flask support strips from the 
upper edges of the drag. Then, with the strike, 
cut down the parting over the lip as shown in 
part C of figure 8-35. Next, cut down the parting 
behind the cope portion of the pattern, forming 
a smooth rounded parting. Part D of figure 8-35 
shows the parting surface of the drag completely 
tooled and slicked. Part E of figure 8-35 shows 
a cross-sectional view of this portion of the 
parting. All areas in which the parting surface 
changes direction are gently tapered. This is 
done to eliminate sharp directional changes in 
the parting plane. If the parting is formed with 
Sharp corners, damage will probably result 
when the mold is opened and closed. 


With the drag completed, attach the cope 
section of the flask, dust the exposed drag 
surfaces with parting material, and riddle in 
a layer of facing sand. Then finish ramming the 
cope in the conventional manner. 


It is obvious from the pattern's position in 
the mold that its withdrawal, without disturbing 
the sand, is difficult. Since the back ofthe pattern 
is curved, the pattern must be withdrawn along 


the path of an arc having a radius the same as 


that of the pattern. This step is illustrated in 
part F of figure 8-35. 


The pictorial view of the drag in part G of 
figure 8-35 shows how the mold is gated after 
pattern removal. Part H of figure 8-35 is a 
cross-sectional view of the mold after closing. 
The weight shown on the top of the mold is a 
device frequently used to aid the cope inresisting 
the upward push of the molten metal during the 
pouring procedure. 


SPECIAL MOLDING TECHNIQUES 


Qualifications for advancement require you 


to make molds with the use of cheeks, false 


cheeks, false copes, sand matches, and draw- 
backs. Information related to these special mold- 
ing techniques is provided in the following 
sections. | 


MOLDING WITH A CHEEK 


Although the majority of floor as well as 
bench molds may be produced in a two part 
flask, occasionally the shape or the height of the 
casting makes the use of one or more cheek 
sections necessary. A sketch of sucha casting and 
the molding procedure for producing a flanged 
machine base is illustrated in figure 8-36. 
With a problem such as this, thought should be 
given to the flask as well as to the mold design. 
Making the height of the cheek flask section 
equal to that of the cheek portion of the pattern 
simplifies molding because an irregular parting 
is avoided. Where the height of the casting is 
great it may be advisable to split the cheek into 
more sections. As a rule, though, a mold design 
having the least number of partings is preferred. 

The first step in the molding procedure illus- 
trated in figure 8-36 is to ram the drag core 
print, After rolling the drag over and tooling 
the parting, attach the cheek section and place 
the cheek portion of the pattern in position. 
Although reinforcing bars are not included in the 
cheek in this problem (fig. 8-36D), some cheek 
molds require the cheek as well as the cope to 
be provided with built-in support bars. In this 
particular problem, the use of gaggers in the cheek 
should adequately reinforce the sand. 

With the cheek section of the pattern and 
flask in position, insert the sprue, sprinkle 
parting material over the drag parting, and 
riddle in a l-inch layer of facing sand. Then, 
place freshly clay-washed gaggers as shownatD. 
Note that the shanks of the gaggers are placed 
against the sides of the flask while the toes are 
angled toward the pattern. Be surethat a 3/4-inch 
clearance exists between each gagger toe and the 
pattern. Next, tuck facing sand around the pattern, 
fill the cheek with sand, finish ramming the 
cheek, and make the parting. Ina similar manner, 
ram the cope, placing the sprue and risers as 
required. Figure 8-36E shows the mold after 
the cope has been rammed. 

Because the mold is high, a step gate is used 
to reduce sand erosion and turbulence at the 
bottom when the mold is poured. Offsetting the 
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cheek and cope sprues decreases the height of 
metal fall and thus contributes to the production 
of a sound casting. A three part mold in which 
the metal enters at the bottom of the mold cavity 
lends itself well to step gating and down pouring. 
To further decrease the possibility of erosion, 
the bottom of the step gate may be a dry sand 
core, 

Prior to opening the mold to draw the pattern, 
fillet the cope portion of the pouring cup and 
form the riser overflow cavity. Then lift off 
the cope, place it in an inverted position, joint 
side up, on trestles, draw the cope portion of 
the pattern, slightly fillet the sprue, and cut the 
gate between the riser and the flange mold cavity. 
Next, bosh and rap the cheek portion of the 
pattern and lift the cheek flask section from 
the drag. The pattern should not lift with the 
cheek. After lifting, carefully set the cheek on 
trestles. Because there are no reinforcing bars, 
the cheek should not be rolled over. Todo so may 
damage the mold. As a consequence, the bottom 
in-gate between the sprue and the mold cavity 
is more awkward to cut thanthe step gate between 
the offset sprues in the top parting. When the 
cheek is completed, rap and draw the core print 
from the drag. Figure 8-36 is a sketch of these 
mold opening steps. The final phase of the job is 
setting the core and closing the mold. An isometric 
cross-sectional view of the completed mold is 
shown in figure 8-36G, 


MOLDING WITH A 
FALSE CHEEK 


Frequently any one of several mold designs 
may be used successfully to produce a sound 
casting. Often the type of pattern equipment 
used and thus the molding procedure depends 
upon the number of castings to be produced. 
For example, if a large number of castings 
like the sheave shown in figure 8-37H are re- 
quired it is advisable to make a core box and 
use a dry sand core to form the groove in the 
rim of the casting. If a limited number of these 
castings are required, the use of less elaborate 
pattern equipment may be in order. 

A method for producing a grooved sheave 
with relatively simple pattern equipment is illus- 
trated in figure 8-37. This illustration pictures 
a three part mold in a two part flask and is 
known as a false cheek. Because the procedure 
differs considerably from the usual method of 
molding, it is explained in detail. 

The sheave problem illustrated has two im- 
portant aspects: making the green sand core; 


and removing the pattern from the mold. To 
make the green sand core it is necessary to mold 
a false cheek; to remove the pattern from the 
mold requires a special sequence of operations. 
The sequence and techniques used are: 


1. Place a cope flask, joint down, on a mold 
board and position the cope half of the parted 
pattern and a sprue in the flask. Ram the cope in 
the usual manner as shown at A of figure 8-37. 
Place a bottom board on top of the cope and roll 
the flask over. 

2. Next, cut the sand at the flask joint down 
about 30? to the tip of the groove allaround 
the circumference of the pattern (see B, fig. 
8-37). Because the cut-down surface area will 
serve as a core print and as a parting, its 
length must be sufficient to support the core 
after the pattern has been removed. Note that 
two-thirds of the space between the intersection 
of the cut-down parting line and the flask joint 
line and the innermost point of the groove isa 
core print. Adequate core prints are always 
important; in this problem they are crucial. 

3, After cutting down the print-parting, slick 
down the surface area, sprinkle parting com- 
pound over the parting, and place the drag 
portion of the pattern and flask in position. 

4. Mold the green sand core (false cheek). 
Carefully tuck facing sand into the grooved portion 
of the pattern, Ram the core tightly and form a 
parting having the same angle on the drag side 
of the core as that previously formed in the 
cope (D, fig. 8-37). Slick down this surface area 
and blow out any loose sand. Apply parting mate- 
rial to the entire mold joint area and ram the 
drag. 

5. Now lift off the drag (E, fig. 8-37). Note 
that the core remains in the cope. Next, rap 
and remove the pattern from the drag. Close 
the mold, place a bottom board ontop of the drag, 
and roll the entire flask over. 

6. Lift off the cope (F, fig. 8-37), then rap 
and draw the cope half of the pattern. Check the 
mold interior carefully and repair damage if 
required. Set the vertical dry-sand hub core and 
close the mold for pouring (G, fig. 8-37). 


MOLDING USING A 
SAND MATCH 


The problem of molding a part whose parting 
line does not lend itself to the usual molding 
procedure of straight parted patterns is normally 
solved as previously mentioned for irregular 
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parting plane patterns, or by the use of follow 
board previously mentioned in chapter 6. If a 
large number of castings are required, it is 
normal practice for the Patternmaker to construct 


a follow board. The construction of a follow 


board means extra work for the Patternmaker. 
Yet, bedding-in and coping-out require several 
time-consuming, hand molding operations, par- 
ticularly if the process must be repeated six 
or seven times. 


Another solution to the problem is the use 
of a sand match. Figure 8-38 shows a latch arm 
pattern typical of this sort of problem and the 
sand match constructed for it. 
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Figure 8-37. — Molding with a false cheek. 


The frame for the sand match is usually 
secured to a bottom board. The diameter of the 
frame should be slightly smaller at the top 
than at the bottom. This taper serves to hold 
the sand in position when the match is subsequently 
rolled over. The height of the frame depends 
on the pattern and the amount of coping-out 
necessary. When the frame has been constructed, 
riddle in sand and ram it up as if it were an 
empty flask. After troweling the surface smooth, 
place the pattern in the desired position on top 
of the sand. Then, dig out under that portion of 
the pattern that is to extend into the cope until 
the pattern sinks to the desired parting line. If 
the match is to be used for more than a few molds, 
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Figure 8-38.—A sand match. 


it is recommended that a mixture of core sand 
be used. This will give the sand match a hard 
resistant surface. 


The exact technique for making the match 
depends on the job at hand. In the match illus- 
trated, it was necessary to bed the pattern 
slightly as well as to cope out. Once the match 
has been made the mold is rammed by using the 
match as though it were a mold board; that is, 
the drag is placed on the frame, rammed, and 
rolled over in the usual manner. Then, after 
removing the match, the cope is rammed and the 
mold completed. 

A false cope serves the same purpose as 
a sand match. However, an additional section 
of a cope flask is used instead of a box frame. 
Normally, green sand is used for false cope. 


DRAW BACKS 


If you areon a Nevy repair ship, you may 
frequently have to produce castings by using the 
old casting (worn or broken) as a pattern. This 
is a type of job that calls for skill and special 
technique. Although the patter:. used for the 
original casting might have presented no problems 
in respect to ramming or withdrawing it from 
the mold, using the casting itself as a pattern 
may be a much more complex job. 





18.22.1 
Figure 8-39. — A drawback. 


It is customary in a case of this sort to mal 
use of a drawback, which is a green sand co: 
made with a special molding technique. Th 
drawback serves a function similar to the loos 
pieces of a complicated pattern. It is rammed 1 
in the mold on a supporting structure, So th 
it may be drawn back and lifted away to clez 
an overhanging portion of the pattern (wo! 
casting), and facilitate pattern removal. (Se 
fig. 8-39.) 

The mold face contour of the drawback : 
formed by the pattern itself, rather than in 
core box. After the old casting has been remove 
from the mold, the drawback is relocated 
the mold to form the cavity. 

In chapter 7 of Molder 1 and C, NavPei 
10584-B, you will find a detailed discussion 
how to use a drawback when you must me 
such problems as an irregular parting lin 
small but deep pockets, and one or more de 
pressed areas in the old casting that would intei 
fere with drawing the pattern from the mol 


SPECIAL MOLDING DEVICES 


The Molder can make use of a number 
special molding devices to aid him in the pr: 
duction of satisfactory castings. If he is workii 
with a pattern that has a section(s) that hi 
deep pockets that require an extra deep cop 
there are ways in which he can reinforce t| 
molding sand so that the mold will hold t 
shape required for the mold cavity. If the patte: 
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2d, there are devices for supporting the 
against the pressure of the molding sand 
drostatic pressure of the molten metal. 
e sections of the casting are of greater 
ss than others, there are devices that 
used for accelerating solidification in 
eavy sections. 
following paragraphs describe the various 
of reinforcing the cope half of the mold 
ars, chucks, gaggers, nails, soldiers), 
ng extra core support (chaplets), and 
‘ating solidification (chills). 


BARS AND CHUCKS 


nforcement of the cope of the mold is often 
ary because the mold is subjected to jarring 
t is moved (to open or close the mold). 
her need for reinforcing the cope arises 
he tendency of the molten metal to lift, 
or push up the cope. As stated in chapter 
dry flasks must be rigidly constructed 
out of wood or metal. 
ding sand that is properly tempered will 
from 100 pounds to 125 pounds per cubic 
pproximately .06 pounds per cubic inch) 
ing upon the percentage of moisture in- 
for tempering. In bench molding the 
n of sand dropout while the mold is being 
lated is not critical unless there are 
fe contours or masses of sand projecting 
he cope into the drag. (Sand in flasks up 
nches will generally support itself.) How- 
n floor molding, the mold is usually too 
nd too heavy for one mantohandle because 
greater volume of molding sand that is 
d up. Some provision must be made in 
isk to prevent the molding sand from 
out. This is accomplished by placing 
'rossbars) between the sides of the cope 
stening them in position. At intervals 
n these crossbars, to keep the bars from 
ng sideways, are additional small cross- 
nown as chucks or jet bars; this forms, 
ct, a series of small copes extending from 
le of the flask to the other. (See fig. 8-40.) 
r to tie all the small copes together and 
me continuous surface over the casting, 
Iding sand must extend under the cross- 
nd chucks. However, the crossbars and 
should not be as deep as the cope half 
flask. Should the pattern be of such shape 
is necessary for it to extend into the cope, 
on of the crossbars would be cut to allow 
ness of 3/4 inch to 1 inch of molding sand 
ie between the pattern and the bottom of 


the crossbars and the chucks. The edges of the 
bars and chucks are chamfered to a narrow edge 
at the bottom, so as to divide the sand near the 
parting plane of the mold into as small an area 
as possible. As an added feature to assist the hold- 
ing power of the crossbars and chucks, foundry 
nails. may be driven into the chamfered edge. 
Large flasks are made with crossbars and/or 
chucks fastened in the cope half of the flask, 
conforming to the contour of the pattern for the 
purpose of giving additional strength ahd stability 
to the mold body and reducing to a minimum 
the number of gaggers required. 


GAGGERS 


Strengthening of the cope half of a large mold 
with crossbars and chucks is necessary for flasks 
over 15 inches. However, there may be times 
when having a complicated mold makes it neces- 
sary to use gaggers as additional support below 
the crossbars and chucks. (See fig. 8-40.) 

Gaggers are L-shaped rods (in the form of a 
right angle) with a long leg (shank) from 4 
inches to 20 inches long, and a short leg (toe) 
from 3 inches to 5 inches long. They are made 
of cast or wrought iron and serve the same func- 
tion in molding that twisted steel rods serve in 
reinforcing concrete. A gagger made from smooth 
rod has a tendency to slide out of the sand if 
the free end (toe) is too long. A twisted rod will 
give a greater resistance and is capable of holding 
or lifting a greater weight for the same length 
of gagger. 

Gaggers are used to give additional support 
to hanging masses of sand which would break 
or drop under their own weight. For maximum 
safety when gaggering up a cope, the free end 
of the gagger (that part of the gagger below the 
bottom edge of the crossbar or chuck) should be 
no more than 1/3 of the full length of the gagger. 
If the toe of the gagger is shorter than the 
recommended 1/3 length below the bottom of 
the crossbar, there is danger of the sand (as 
well as the gagger) dropping out when the cope is 
lifted off, rolled over, or closed over the drag. 
As stated before, molding sand will weigh 100 
pounds to 125 pounds per cubic foot. A gagger 
will weigh approximately 4-1/2 times the weight 
of the molding sand. Therefore, a gagger not only 
must support the weight of the molding sand but 
also its own weight. A gagger of insufficient length 
will only add extra weight to the cope half of the 
mold instead of supporting the sand. 

Before setting of any gagger, careful study 
of the pattern should be made to determine the 
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Figure 8-40. — Mold strengthening devices. 


size gagger required. Gaggers should be placed 
in the mold so they are not too close to a mold 
surface. At least a minimum of 3/4 inches of 
molding sand is necessary between the toe of the 
gagger and the pattern, depending upon the metal 
mass. If a gagger is placed too close to a mold 
surface, a chilling effect will result in portions 
of the casting, where it is not desirable. The 
best policy is to prevent this situation by careful 
placement and ramming of the gagger in the 
mold. 

After the crossbars are positioned, parting 
material is applied, a layer of facing sand is 
riddled over the pattern and the parting plane 
of the drag, and the gaggers are set. Dip the toe 
of the gagger in a clay wash to provide a better 
bond with the sand, and press into the sand. 
The shank of the gagger should press firmly 
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against the crossbar of the chuck; however, the 
gagger should not be placed straight up and down, 
but should be placed at a slight angle against the 
crossbar to prevent it slipping out of the sand. 
If two gaggers are long enough and they are 
crossed, there is less danger of their slipping 
out of the molding sand. Extra care should be 
exercised to avoid ramming the gaggers into 
contact with the mold cavity; if contact exists, 
difficulty will occur when the molten metal is 
poured because the metal will fuse to the gagger. 
Some Molders, upon discovering an exposed 
gagger after withdrawing the pattern, will knock 
the gagger back under the surface of the mold 
cavity —this will require additional patching of 
the mold. This procedure is NOT recommended 
because it definitely destroys the supporting 
value of the gagger. However, knocking back a 
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gagger under the mold surface is far better than. 


an exposed gagger, but you should never let the 
upper end of the shank project above the top 
surface of the mold. Ramming the remainder of 
the backing sand between the crossbar and chucks 
will hold the gaggers in position. 


FACING NAILS 


We have already seen that chucks and gaggers 
are employed to support the cope sand in all 
except the shallowest molds. Facing nails and 
rods are used in the same way, as added support 
at particular points where the sand might be 
disturbed. Small corners, where the molding 
sand might be broken, are reinforced with facing 
nails. Rods are used in similar spots, but where 
the pockets of sand are larger. (See fig. 8-40.) 


CHAPLE TS 


When the design of a casting is such that an 
additional core support is needed beyond that 
given by the core prints, it may be necessary 
to use chaplets. Chaplets are metal supports 
used to hold a core in position in the mold, or 
to level parts of a mold, which are not self- 
supporting, in their proper position during the 
casting process. Chaplets are sometimes used 
to prevent a core from flexing when the usual 
reinforcement or rodding of the core is in- 
sufficient. In addition to the placement of a 
chaplet beneath the core to support its weight 
and one on top to prevent the core from floating, 
chaplets may also be used on vertical surfaces 
to prevent side movement of the core. 

Chaplets are far too often used to compensate 
for poor pattern and casting design, improper 
pattern construction, and bad core practice. In 
all castings, and particularly in pressure cast- 
ings, chaplets are a continual source of trouble 
and their use should be avoided whenever possi- 
ble. When chaplets are used, the pattern should 
be designed for local wall thickness so that the 
mass of metal is sufficient to fuse with the 


chaplet, otherwise a casting defect will result. 


Since the chaplet becomes a part of the casting 
itself (through the fusion of the surrounding 
metal in the mold cavity with the chaplet), a 
chaplet should be clean and its composition must 
be suitable for the metal from which the casting 
is poured. 

In addition to having the proper composition, 
the size of the chaplet must be properly pro- 
portioned for the cross-sectional thickness of 
that part of the casting in which it is used. 


A chaplet made from the least amount of metal 
possible, but having sufficient strength to support 
the core, should be used. The strength of the 
chaplet must be enough to carry the weight of 
the core until a strong skin of metal has formed 
on the casting, but it should be no heavier than 
necessary. The use of oversize chaplets will 
result in poor fusion and may cause the casting 
to crack in those areas where the chaplets are 
located. Their proper selection and use requires 
a great deal of thought and consideration on the 
part of the Molder. However, using the correct 
size and shape chaplet is often the deciding 
factor in producing the difference between a 
Sound casting and one that is ''"just fair," ''all 
right,'' or "nearly perfect.'' 

Chaplets are made of iron, mild steel, thin 
sheet metal (tin), brass, and aluminum. As a 
general rule, chaplets are made of a material 
similar in composition to the composition of the 
metal poured for the casting. Keeping in mind 
the fusion and melting points, you should use a 
material that has a melting point slightly lower 
than that of the casting. 

It has been noted that molten metal will 
have a bubbling effect when poured against an 
unclean surface, such as a surface having rust 
and moisture. To eliminate this bubbling effect 
(pulling away) next to the chaplet and to prevent 
poor fusion— resulting in blowholes — chaplets 
are plated or tinned. Tinned chaplets are better 
because metal in the molten state has a greater 
tendency to lie quietly alongside a tinned surface. 
Therefore, for better fusion, chaplets should be 
perfectly clean, free of rust, and free of oil, 
grease, and moisture. Sandblasting the chaplet 
immediately before use is good foundry practice 
if no other protection for the chaplet is avail- 
able. | 

The kind of metal used in the casting, the 
cross section or thickness of the metal through 
which the chaplet will pass, the force to which 
the chaplet is subjected (the weight of the core 
and the force of bouyancy), and whether or not 
the casting is subjected to liquid or gas pres- 
sures, all help determine the required size, 
weight, and design of the chaplet. The chaplet 
must fuse into the metal of the casting, there- 
fore it must not be too heavy, or chilling and 
poor fusion will result. On the other hand, if 
the chaplet is too small or light, it might melt 
and fail to serve its purpose of holding the core 
in place until the metal has solidified sufficiently 
to take over the job of holding the core. Chaplets 
are sometimes knurled, or have sharp corners, 
or have perforations to aid and hasten the fusion. 
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To ensure the proper selection of a chaplet 
for a specific job requirement, a few practical 
rules should be followed: 


1. Have the head large enough to support 
the weight of the core without crushing the sand. 

2. Have the stem of the chaplet stiff enough 
so that it will not bend under the load of the 
core. | 

3. Choose a chaplet that will fuse well to 
the metal of the casting. 

4. Tin the portions of the chaplet that will 
become embedded in the finished casting. Rusty 
chaplets may cause the molten metal to blow. 


Chaplets are made in various sizes and 
shapes to meet the various needs of the foundry. 
(See fig. 8-41. Do not assume that the types 
shown are the only types of chaplets used in 
the foundry.) Each chaplet is designed for a 
specific job and may be made in various sizes, 
Shapes, and variations. 

DOUBLE END chaplets are designed with 
flanges calculated to distribute the weight of the 
core over a large area without sinking into the 
green sand. They are one of the most commonly 
used types. The stem between the flanges is 
distorted in some manner so it will make a 
better bond with the casting metal. The double 
end chaplets of the smaller sizes are called 
"motor chaplets.'' Notice the different shapes 
of these flanges, such as the round head, square 
head, and fitted head. The adjustable double end 
chaplet may be adjusted to the proper length 
required; then the excess length of the stem is 
cut off. Heads of the double flanged chaplets 
are sometimes made with small holes pierced 
in the flange to give the entrapped gas a chance 
to escape. 

Some of the double end chaplets have one 
small flange and one large flange; when using 
this type of chaplet, place the small flange 
against the core and the large flange against 
the green sand or a chaplet seat. Chaplet seats 
are thin metal inserts used where necessary 


to increase the bearing surface of a chaplet. 


They are made either with or without a raised 
projection to enter a hole in the surface of the 
chaplet. 

STEM or single end chaplets are made in 
round smooth head, forged head, or fitted head 
types and are made with a distorted stem to help 
fuse them to the casting. The surface of the 
forged stem chaplet is made with knobs to im- 
prove the gripping power and prevent the core 
from moving sideways. When you are using a 


stem chaplet, the stem projects through the 
cope half of the mold. À strongback is clamped 
across the top surface of the cope in sucha 
position that wedges may be forced between the 
stem of the chaplet and the strongback. The 
part of the stem of the chaplet that extends 
from the casting will be cut off BUring the 
cleaning process. 

SHOULDER RADIATOR chaplets are basically 
like a stem chaplet but differ from other chaplets 
in that they are set before the patternis rammed. 
The most common type of shoulder chaplet 
has a shoulder and break-off nicks. In using 
this type, the stem is dropped into a hole bored 
into the pattern as far as the shoulder. The 
pattern is rammed, then withdrawn, leaving the 
chaplet in place. The chaplet stem protrudes 
a distance equal to the thickness of the metal 
in the casting, and the core rests on the end of 
the chaplet. The shoulder has the advantage that 
it serves as a better gaging point than the bottom 
of a bored hole which may become partly filled 
with sand during ramming. The small nicks 
below the shoulder assist in improving the fusion 
of the chaplet and the casting metal. Shoulder 
chaplets produce a minimum of surface marks 
since the thin stem is the only part of the 
chaplet that will show. After the casting is made, 
a light blow with a hammer will break the stem 
of the chaplet at the break-off nick. 

CUP, BRIDGE, and ANGLE chaplets are a 
variation of the double end chaplet. They have 
the advantage of fusing more readily since they 
do not have a center post which may actasa 
chill. In addition, they are the strongest of all 
other chaplets illustrated in figure 8-41 and are 
capable of supporting heavy cores without buckling. 
The open design of the cup, bridge, or angle 
chaplet(s) permits the flow of molten metal 
through the chaplet, ensuring proper fusion. 
Metal bearing plates should be used with this 
type of chaplet because the bearing surface is 
small. 

PERFORATED chaplets are used extensively 
for light castings. They come in sheet form, and 
may be cut and formed to the casting’s require- 
ments. The formed shape rests on the green 
sand and the area of support is increased as 
necessary to offer the required support for the 
core, Perforated chaplets are not as strong as 
some of the other shapes, but under certain 
circumstances, they can be used to carry the 
weight of the core safely to the green sand 
surface on which they lie. 

TACKS may be used as a chaplet if they are 
of the proper composition; they are pushed 
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through the drag half of the mold and driven into 
the bottom board. However, tacks should not be 
used for large cores or cores of intricate 
design since another type chaplet would be 
more useful. 


CHILLS 


As metal passes from the liquid state to the 
solid state, the metal contracts (shrinks) to a 
degree which is constant for a given metal or 
alloy. This contraction or shrinkage is not a 
problem in small, simple castings which solidify 
almost as soon as the mold is poured. However, 
the metal in a heavy section of a large casting 
may remain in a liquid state for a considerable 
length of time. Using a chill onthe heavy sections 
So that they will solidify as rapidly as the 
lighter sections of a casting is one method of 
counteracting shrinkage porosity. 

A chill may be defined as any material that 
is placed in a mold to extract heat from the 
molten metal at an increased rate. Usually chills 
are metal devices (internal or external) used 
to accelerate or direct solidification of the molten 
metal in a definite direction in a heavy section 
of a casting. To perform its proper function, 
a chill must control the temperature gradients 
and equalize the periods of solidification in the 
casting. However, the proper location of chills, 
to ensure the control of solidification, requires 
considerable knowledge and experience. There- 
fore, it is recommended that you as an ML3 
or ML2 take the advice of the higher rated 
men when the use of chills is required ona 
casting. 

Two kinds of chills may be used — internal 
and external. (See fig. 8-42.) Since the function 
of a chill is to conduct the heat away from the 
molten metal more rapidly than sand would, 
chills must be made of metal or a material 
with good heat-conducting properties. 

Internal chills must be of a material having 
the same basic composition as the metal being 
poured for the casting since they become part 
of the finished casting. External chills must be 
made of a material that can be rammed up 
in the mold to form a part of the mold surface. 
External chills should be made of a material 
with a melting point high enough to prevent 
the chill from fusing to the casting. They can 
be recovered and reused. 

The size and shape of a chill is very im- 
portant. If the chill is too small, it will not 
be capable of inducing solidification; if the 
chill is too large, it will cause the casting to 
crack. The face of the external chill must have 
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Figure 8-42.— Types of chills. 


the same contour as that of the mold surface 
that it contacts. 

When chills are used, keep in mind the 
following rules: 


1. Internal chills become part of the finished 
casting; therefore, they must be of the same 
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jsition as the casting metal, and they must 
e of all oxides, oil, or moisture. 

The surface of external chills must be 
‘tly clean, and must be accurately fitted 
casting area that is to be chilled. 

The ends and the sides of all external 
Should be tapered (see fig. 8-43). Part 
igure 8-43 illustrates the incorrect method 
sitioning a chill in the mold. Note that the 
has the shape of a dovetail to hold it in 
und. This dovetail shape creates a hot spot 
junction of the chilland the casting surface. 
result, the casting may crack. Part B of 
| 8-43 illustrates the correct method of 
oning a chill. Note that the taper on the 
and the ends of the chill runs away from 
isting — and if extended far enough, it would 
a cone or a pyramid. This shape eliminates 
ot spot between the chill and the casting 
е by allowing the heat of the molten metal 
netrate farther into the sand of the mold. 
External chills must have sufficient mass 
event their fusing with the casting metal; 
it the same time, they must not be so 
ve as to unduly speed upthe cooling process 
at they cause cracking of the casting or 
ere with the feeding of the casting. 


e chill not only hastens solidification in the 
int areas of the casting, but it also may 
the casting to such an extent that self- 
ling of the chilled area is prevented upon 
g. As a result, the casting will harden at 
oint on the casting. Since hard spots in 
isting are formed, the casting may require 
ling so that it can be satisfactorily machined. 


MOLD PRESSURE 


ve you ever witnessed molten metal flowing 
f а mold at the parting line: In most in- 
5, you have observed a run-out. When 
n metal flows out at the parting line, it is 
se the lifting forces, however slight, of 
iquid metal separate the cope from the 
There are other causes for run-outs, but 
e concerned with liquid pressures exerted 
st the cope and how to compensate for mold 
ure or lifting force. 

ring the pouring of the mold, the tendency 
e cope to float can be overcome by either 
ting the mold or clamping the mold parts 
er. For example, cast iron weighs 0.26 
s per cubic inch, and rammed molding sand 
s approximately 0.06 pounds per cubic 
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102.75 
Figure 8-43.— Side and end shape of a chill. 


inch, Accordingly, molding sand is lighter than 
cast iron; therefore, the total weight of the sand 
in the cope section of the mold has to be greater 
than the weight of the molten metal upon pouring 
or the cope will tend to float. 

Metal in the liquid or molten state has the 
power to transmit pressure to every part of the 
mold in which it is poured; and when the mold is 
full, the molten metal sustains a pressure equal to 
the weight of a column of metal reaching to the 
uppermost surface of the pouring basin. There- 
fore, it can be said that the weight of the molten 
metal and the height of the metal column will 
influence the ability of the molten metal to exert 
pressure on the mold. In other words, the lifting 
force of the molten metal is due to the fact that 
a liquid will seek its own level and that the pres- 
sure of the liquid is exerted equally in all direc- 
tions. 

Consider what happens in a mold when it is 
poured full of molten metal. The molten metal 
enters the mold through the sprue opening at the 
uppermost surface of the mold, flows through 
the sprue, gates and runners, and finally into 
the mold cavity in the drag. The mold under- 
neath the casting will have to support the weight 
or pressure exerted by the metal in the mold. 
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Since the mold has a cope, the casting itself 
will be under a head pressure which is equal 
to the thickness of the cope half of the mold. 
(For example, if the cope is 6 inches thick, 
the mold will be under a head pressure of6 
inches when the mold is poured.) 

The downward pressure on the drag half of 
the mold generally will be less than the lifting 
pressure on the cope. However, the downward 
pressure will have no effect on the mold, but the 
upward pressure will tend to lift the cope when 
the mold is poured. To overcome the tendency 
of the cope to rise or float during the pouring 
of the mold, the mold is either weighted or 
clamped. The force required to hold the cope 
down depends on the height of the column of fluid 
metal (that is, the vertical height of the sprues 
and/or risers), the projected surface area of 
the cope in contact with the metal, and the weight 
per cubic inch of the metal being cast. For the 
sake of illustration, assume that a solid yellow 
brass slab 10'' x 10'' x 3" is to be cast in the 
drag of a 15-inch-square flask in which both 
the cope and the drag have a 6-inch depth. To 
determine how much weight must be placed on 
the cope to prevent lifting, we have to find out 
two things: (1) what fluid pressure or lifting 
force is acting on the cope, and (2) what is 
the force resisting lift? 

The answer to this latter question is found 
by determining the total weight of the cope, 
including sand, gaggers, and flask. First find 
the volume of the flask 


(15" x 15" x 6'' = 1350 cu. in.) 


and multiply this result by the weight in pounds 
per cubic inch of molding sand (0.06). If part of 
the mold cavity is in the cope, the weight of that 
volume of sand must be deducted from the total. 
In our sample problem, the entire cope is filled 
with sand and the value we use is 81 pounds (1350 
x 0.06), To this, add the weight of the flask and 
gaggers. A standard 15-inch cope weighs approxi- 
mately 15 pounds and gaggers are not used in 


the problem under consideration; thus the total’ 


downward force resisting the upward push because 
of fluid pressure is 96 pounds. 

The next step is to determine the force tend- 
ing to lift the cope. This force depends on three 
factors: (1) the projected surface area ofthe cope 
in contact with the fluid metal; (2) the height of 
the head above this area of contact; and (3) the 
kind of metal being cast. In our problem, the 
effective area of the casting in contact with the 
cope is 100 square inches (10" x 10"). 


The next consideration is the height of the 
riser or head. Inasmuch as the contact area is 
at the flask joint, and the depth of the flask is 
6 inches, the head in this case is 6 inches. The 
number of sprues and risers or their diameters 
have no effect on fluid pressure; the vertical 
height is the essential factor. However, the size 
and number of sprues and risers must be con- 
sidered when the weight of the cope is calcu- 
lated. 

The final factor in determining the fluid pres- 
sure tending to lift the cope is the weight of the 
metal to be cast in pounds per cubic inch. This 
value for gun metal bronze is 0.32, when these 
three factors are multiplied is the force acting 
against the cope. Fluid pressure tending to raise 
the cope may be determined with the following 
formula 


P = ahm 
Where 


P = fluid pressure tending to raise the cope 
(pounds) 


& = projected area of cope in contact with 
the casting (square inches) 

h = height of head (inches) 

т = weight of the metal (pounds per cubic 


inch) 


Substituting values for the symbols, the fluid 
pressure in this case is 192 pounds (100 x 6 x 
0.32). The weight of the cope is 96 pounds and 
the fluid pressure acting to raise the cope is 192 
pounds. Subtract the weight of the cope (96 
pounds) from the fluid pressure acting to raise 
the cope (184 pounds), the value is the amount 
of weight that must be placed on the cope to 
keep it from lifting (192-96 - 96 pounds). It is 
customary to add 25 percent to this value (96 
pounds) to compensate for metal velocity and 
head pressure when the mold is poured. For 
the condition of our problem, then, the weight 
placed on top of the mold is 120 pounds (96 + 
25%). 

In the majority of bench molds, the effective 
contact surface area is not nearly so great as 
that in the problem previously considered. A 
6" by 6" or 36-square-inch contact area is 
more representative. The larger contact area was 
chosen to illustrate an extreme case. Usually, 
one standard mold weight is sufficient to keep 
the cope of a bench mold from lifting. Where the 
contact area is small, the weight of the cope 
exceeds the pressure exerted by the metal. For 
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example, where the contact area is 6" by 6", 
the pressure exerted against the cope is 69 
pounds while the weight of the cope is 96 pounds. 
(Note: the other factors are the same as in 
the previous problem.) 

To determine lifting forces for other metals, 
refer to table 4-2 which list the weights per 
cubic inch. 


SAFE MOLDING AND COREMAKING 
PRAC TICES 


There are many safety precautions you should 
observe in foundry practice. However, the fol- 
lowing safety suggestions should be observed 
for molding and coremaking. 


1. When lifting molds or heavy objects, stand 
close to the object with feet solidly placed and 
slightly apart. Then, with the knees bent, grasp 
the object firmly and lift by straightening the 
legs, keeping your back as nearly vertical as 
possible. Do not attempt to lift beyond your 
capacity. Improper lifting may cause a rupture 
or a hernia. 

2, Dress properly. Wear safety shoes at all 
times. When molding or coremaking, wear a 
short-sleeve shirt or roll your sleeves above 
the elbow. Loose clothing can be caught on flasks 
or other equipment. 

3, Use proper tempered molding sand. Excess 
moisture causes molds to "blow'' or causes 
gas defects when metal is poured into them. 


4. Keep your molding or coremaking station 
in order. Falling tools can result in injuries 
as well as destruction of your mold. Securely 
stack flasks, mold boards, bottom boards, core 
plates and mold weights, in an orderly manner 
so that they will not fall. Do not grab a core 
plate until you are sure it is not hot. To deter- 
mine if an object is hot, place the back of your 
hand NEAR the object. If the object is hot, the 
heat will be detected by the tender part of the 
hand. Mark objects "HOT" as a warning to 
others. 

5. Use gaggers, core wires, vent wires, and 
other molding tools and materials carefully. 
Wear safety goggles when compressed air is 
used in molding and coremaking operations. 
Apply the low pressure compressed air carefully 
to avoid blowing sand in a shipmate’s eyes. 
NEVER blow compressed air at anyone, to clean 
clothes, or to cool off a person. 

6. When rolling cores and molds over, use 
the proper rollover method to avoid wrenching 
your wrist. 

7. Do not work underneath molds suspended 
from cranes or hoists. Always place the mold 
on tripods or horses when such work is neces- 
sary. Keep feet and hands from under flasks 
and core boxes. 

8. Refrain from practical jokes, tricks, and 
horseplay. Too frequently, serious injuries re- 
sult from an innocent joke. 

9. Sand should be spread on steel decks around 
the molds to reduce spattering of hot metal in 
case of a spill. 
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Many of the castings which are produced in 
Navy foundries are not composed of solid metal, 
but have voids or hollow areas, either internal 
or external. To prevent the molten metal poured 
for the casting from filling these cavities (void 
areas), sand cores of the appropriate size and 
Shape are inserted at the necessary locations 
in the mold cavity before the mold is closed 
and poured. 


Cores may be defined as masses of sand 
that are placed in the mold, or left in the mold 
by the pattern, for the purpose of forming open- 
ings and various shaped cavities and contours 
in the casting. Cores may control the casting's 
interior and exterior or the flow of metal into 
the mold cavity. In addition, a core may make 
it possible to draw a portion of the pattern from 
the sand, which ordinarily would not be possible 
because of the shape of the pattern; or a core 
may be used to improve a particular surface due 
to the core's special characteristics. 


Cores are used in nearly every mold to form 
the inside of a casting. As most castings are 
of such shape that it is difficult and often im- 
possible to machine the interior shape, the 
cores must be made accurately. The cores must 
also be capable of transferring a smooth surface 
to the casting, true to the designed contour. 


Cores are shaped by the use of specially 
prepared boxes, through the use of sweeps, or 
by a combination of these methods. (See chapter 
10. The use of core boxes is preferred because 
of improved core surface conditions, better 
dimensional control, and greater resistance to 
erosion caused by the churning action of the 
molten metal during the pouring of the mold. 


A satisfactory core maintains its strength 
during the initial stages of metal solidification; 
but, at the proper time after initial metal solidi- 
fication (skin formation), the core disintegrates 


to permit normal metal shrinkage during the 
final phases of the castings solidification. 

This chapter describes the various classes 
and characteristics of cores, the influence of 
the core as related to a specific metal and the 
mold, types of core prints, and cores and their 
application. The following chapter describes core 
materials, core sand mixes for green sand 
cores, baked or dry sand cores, CO, cores, 
coremaking equipment, and the proper core- 
making techniques. 


CLASSES OF CORES 
There are four classes of cores: 


1. GREEN SAND cores are sand projections 
made from regular molding sand and are formed 
in the mold by the pattern itself. (See fig. 9-1.) 
However, the sand projections formed by the 
pattern cease to be called cores when they do 
not form a hole through the casting. They then 
are considered as part of the mold contour. 


2. BAKED or DRY SAND cores are made 
from special core sand mixtures and baked for 
a specific time depending upon the size and 
shape of the core mass. (See fig. 9-2.) 


3. GREEN-TOPPED cores are combinations 
of green sand cores and baked cores; that is, 
part of the core is baked while the remainder is 
green sand. (See fig. 9-3.) 


4. CO; cores are made by mixing silica 
Sand with sodium silicate (water glass); then 
hardening the mixture by gassing it with carbon 
dioxide (СО) for a few seconds. This type of 
core has many advantages: (1) pasting of cores 
may be eliminated, making a one-piece core 
possible, (2) there is no danger of drop-outs, 
soft spots, or wet spots, (3) less draft is re- 
quired for any loose piece, (4) there is a saving 
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Figure 9-1.—Green sand core. 





102.77 
Figure 9-2.— Raked or dry sand core. 


in baking or drying tune, and (5) closer dimen- 
sional tolerances are possible. (See fig. 9-4.) 


CHARACTERISTICS OF CORES 


Of the four classes of cores (baked sand, 


green sand, green-topped, and СО») the baked 


sand core is chiefly used aboard ship. (Some 
repair ships and tenders have done away with 
baked sand cores however, using nothing but 
СО, cores.) Regardless of class the following 
characteristics are required of any core. 


1. It should hold its shape before and during 
the baking or drying period. 

2. It must be capable of being baked or dried 
rapidly, but thoroughly. 


3. It should have hardness sufficient to resist 
the eroding action of the flowing molten metal. 


4. It should produce as little gas as possible 
when it contacts the molten metal. 


5. It should have sufficient permeability to 
permit easy escape of gases during pouring. 


6. Its surface must be such as to prevent 
metal penetration. 


7. It must have sufficient refractoriness to 
resist the heat of the molten metal at pouring 
temperature. 


8. It must have sufficient hot strength to 
withstand the weight of the molten metal at its 
pouring temperature and during the beginning 
stages of solidification. 


9. It must have collapsibility sufficient to 
prevent cracks or hot tears in the casting. 


10. It must retain its strength properties 
during storage and handling; and if the mold in 
which it is to be positioned must stand for a 
considerable length of time before the metal is 
poured, the core must not absorb more than a 
minimum amount of moisture. 


In addition to these special characteristics, 
the properties discussed for molding sands also 
apply to core sands. 


CORE REQUIREMENTS FOR CAST METALS 


The classes and the requirements of cores 
should be studied in regards to a specific metal 
that is to be cast. Each metal or alloy may 
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require an alteration in the percentage of in- 
gredients that go into the making of a proper 
core mix because ої the manner in which the 
metal behaves during the liquid state. The weight 
(density), the eroding or cutting action, the 
degree of shrinkage and contraction, and the 
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Figure 9-4. — CO, cores for anchor chain. 


rate of solidification of the metal should be 
studied before dciormining the correct core 
sand mixture. 

Information related to core requirements for 
the commonly cast metals and alloys used in the 
Navy follows. 
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REFRACTORINESS 


When you are casting aluminum, all core 
mixtures must provide sufficient heat resistance 
due to the low melting point and pouring tempera- 
ture of the metal. 


For casting brass and bronze, the core sand 
must have a sintering point of 2300* F, or higher. 


When you are casting cast iron, the core 
sand must have a sintering point of 2700? F, or 
higher. 


When casting steel, a high purity, round grain, 
silica sand or Zircon sand may be used for 
maximum heat resistance. 


STRENGTH 


Aluminum requires a minimum of strength 
because of the light weight of the metal and the 
low mold pressure. 


Brass and bronze require sufficient dry 
strength to resist the lifting force of approxi- 
mately 4.3 times the weight of the core. 


Cast iron requires a minimum of dry strength 
to resist the lifting force of approximately 3.5 
times the weight of the core, and sufficient hot 
strength to resist the lifting force in the hot 
state prior to the solidification of the metal. 


Steel requires sufficient dry strength to re- 
sist the lifting force of approximately 3.9 times 
the weight of the core, and sufficient hot strength 
to resist the lifting force in the hot state prior 
to the solidification of the metal. 


COLLA PSIBILITY 


Cores for aluminum must collapse readily 
due to the high shrinkage and contraction, and 
the weakness of the metal at elevated tempera- 
tures. 


Brass and bronze require an average amount 
of collapsibility. However, the core must not 
collapse until a thick skin of metal has formed 
against the core. 


Collapsibility is an important factor in cores 
for cast iron. High temperatures and slow cooling 
usually destroy the bonding ingredients. There- 
fore, cast iron is not particularly susceptible 
to "hot tearing." 


GAS GENERATION 


Gas generation in cores for aluminum cast- 
ings must be as low as possible. 


Gas generation in cores for brass and bronze 
is not critical because it is slow in forming, 
thus allowing sufficient time for the gas to 
escape through the normal permeability of the 
sand and through the gating system. 


Gas generation in cores for cast iron is an 
important factor; however, a rapidly solidifying 
skin of metal resists the gas penetration in the 
casting and forces it out through the venting 
system of the mold. 


Gas generation in cores for steel will nor- 
mally be high; and the gas will generate very 
rapidly. 


PERMEABILITY 


Permeability is desirable in cores for alumi- 
num because of the close connection with the 
density of the core. 


Cores for brass and bronze castings require 
a low permeability because brass and bronze 
often have a penetrating power that forces the 
molten metal between the grains of sand. 


Cores for cast iron require a high per- 
meability because gas is generated at a rapid 
rate and must be allowed to escape as fast as 
possible. 

Cores for steel castings require a high 
permeability because gas is generated at a rapid 
rate and must be allowed to escape as fast as 
possible. 


SURFACE HARDNESS 


Aluminum requires a minimum of surface 
hardness because aluminum when in the molten 
state has little or no cutting or eroding action. 

Brass and bronze require a high degree of 
surface hardness because of the cutting and 
eroding action of the molten metal. 


The surface hardness required of a core for 
casting cast iron depends on the amount of 
metal impressing on the core and the amount of 
metal that is to flow over the core. 

Surface hardness of a core for steel should 
be very high because the turbulence of the 
molten metal gives it a cutting and eroding 
action during the pouring of the mold. 
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DE NSITY 


The density required of a core for aluminum 
must be held to a minimum to ensure good 
collapsibility and permeability. 


The density required of a core for brass 
and bronze must be high because of the cutting 
and eroding action of the molten metal. 


The density required of a core for cast iron 
must be held to a minimum; however, penetra- 
tion is not an important factor in average size 
castings. 


The density required of a core for steel 
must be as high as possible to maintain per- 
meability and collapsibility. 


MOLD INFLUENCE ON A CORE 


In addition to the general characteristics 
and the requirements of a core for a specific 
metal or alloy, certain alterations to the core 
properties may be necessary in regard to the 
green sand mold. 


Information related to the alterations that 
may be required to the core properties as re- 
lated to a mold follows. 


CORE PRINTS 


When a green sand mold has insufficient core 
support to hold the core in its proper position 
in the mold during the pouring of the molten 
metal, additional strength may be incorporated 
into the core. Such factors as the type of strain 
caused by the molten metal and the direction of 
the force must be considered. 


SPRUE HEIGHT 


When a mold is of such size that an increase 
in the height of the cope half of the mold is 
necessary, the additional sprue height that is 
required will increase the mold pressure around 
the core. To overcome the mold pressure and 
the strain on the core during the pouring and 
solidification of the metal, an increase in the 
density of the core is necessary. 


METAL THICKNESS 


When small cores are surrounded by a heavy 
metal thickness causing core strain and additional 


mold strain at these spots, the small cores 
will require a high degree of refractoriness, 
a high density, and a low collapsibility. 


GATING SYSTEM 


When the molten metal being poured runs 
from a gate in such a manner that the metal 
impresses on a core, or the gate(s) directs 
the flow of metal in such a fashion that it flows 
against a core, a high degree of surface hard- 
ness is required of the core. 


TYPES OF CORE PRINTS 


When a core is placed in a mold, there 
must be some means provided to locate, hold, 
and anchor it in position. In order to do this, 
a projection is designed and added to the pattern. 
The projecting pieces, called CORE PRINTS, 
are attached to and become a permanent mem- 
ber of the pattern. The core prints make an 
impression in the sand, thus forming a seat 
into which the core is set and retained in its 
proper position. If it is possible for a core 
to be set in the mold UPSIDE-DOWN or WRONG- 
END- TO, locating marks called WITNESS MARKS 
(core markers or tell-tales) should be provided 
to prevent any possibility of placing the core 
the wrong way, in the mold. 


Although there are no fixed rules as to the 
length of the core prints or how much draft 
they should have, good pattern practice on the 
part of the Patternmaker requires that there 
Should be sufficient bearing surface to support 
the weight of the core (depending on the type 
of mold in which the core is supported) and 
the pressure of the molten metal when being 
poured. 


Although there are numerous types of cores 
and variations of them, core prints may be 
classified into five general types: (1) cope and 
drag prints, (2) horizontal or parting line prints, 
(3) balanced prints, (4) suspended or hanging 
prints, and (5) tail or drop prints (see fig. 
9-5). 


COPE AND DRAG 
CORE PRINTS 


When a core is set vertically in a mold, 
core prints are placed on the cope and drag 
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Figure 9-5.— Types of core prints and simple applications. 
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Figure 9-5, — Types of core prints and simple applications — cont'd. 


of the pattern, thus giving the names COPE 
and DRAG prints (see part A of fig. 9-5). The 
cope print is made with considerable taper 
(draft) as an aid in centering the core and to 
facilitate the closing of the mold; while the 
drag print has only a slight taper for ease in 
handsetting the core. 


HORIZONTAL OR PARTING 
LINE CORE PRINTS 


Horizontal or parting line prints are used 
to form the core seats when the core is placed 
in a horizontal position. (See part B of fig. 9-5.) 
The core prints are usually the same indiameter 
as the diameter of their respective cores. In 
addition, they should be long enough to give a 
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solid bearing surface for the weight of the core 
plus the stress caused by the molten metal as 
it fills the mold; otherwise the molten metal 
will raise or displace the core, making the 
casting thinner on one side. 


BALANCED CORE PRINTS 


When a core is placed horizontally within 
a mold and receives its entire support from 
one end, the core print is so proportioned that 
it will outweigh or overbalance that portion of 
the core extending into the mold cavity. (See 
part C of fig. 9-5.) 


Two methods may be employed to achieve 
this balance. The first method is to have the 
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core print long enough to balance the weight 
of the unsupported end. The second method 
(recommended when an extra long core print 
is not practical) is to have the core print(s) 
enlarged by adding a flange or an offset section 
to give added weight to the supported end of 
the core. In addition, the flanged or offset 
section may be used as a witness mark to 
establish the exact depth of the core in the 
casting. When using balanced prints, considera- 
tion must be given to the length of the print, 
It would be impractical to balance a core with 
a print several feet in length, instead chaplets 
(metal core supports) should be used to support 
the end of the core within the mold cavity. 


SUSPENDED OR HANGING 
CORE PRINTS 


A type of print called a SUSPENDED or 
HANGING core print derives its name from 
the fact that the core serves two purposes: 
(1) as a support for the hanging part of the 
main body of the core, and (2) as a complete 
cover for the mold. (See part D of fig. 9-5.) 
Therefore, suspended or hanging core prints 
are used when a cored casting is to be molded 
entirely in the drag. In addition, variations of 
this core print will eliminate the need for a 
three-part flask. 


TAIL OR DROP 
CORE PRINTS 


On special jobs where cored holes are re- 
quired above or below the parting line, a TAIL 
or DROP print is used. (See part E of fig. 9-5.) 
The print is so shaped that the seat portion 
allows the core to be easily dropped in place. 
In addition, holes on top of or behind bosses 
may be cored in this manner. The print portion 
of the core serves as a means of STOPPING- 
OFF the core seat and of locating the projecting 


core that forms the opening. Stopping-off or: 


blocking-off the core seat may be done by 
filling in with a stock core after the projecting 
core has been set; or, after the projecting core 
has been set, by tapping molding sand into the 
core seat impression. In many cases, a single 
core print is sufficient when the projecting part 
is not too long; however, if the projecting part 
is long, the core should be supported at both 
ends. 


TYPES OF CORES 


Each and every casting job presents specific 
problems that will constantly challenge your 
skill and ingenuity. The most difficult phase 
of foundry practice is visualizing the interior 
Shape of a casting. As an aid in visualizing, 
brief descriptions of the types of cores and 
their uses are given in the following sections. 
(To avoid confusion, the gating system—pouring 
basin, sprue, runner, in-gates and risers — that 
is necessary in producing a casting will not 
be shown.) 


STOCK OR STANDARD CORES 


Stock or standard cores are made in core 
boxes of standard lengths. These cores are kept 
in stock in the foundry for immediate use. 
Stock or standard cores are made in simple 
Shapes, such as round, square, rectangular, and 
elliptical and may be used either horizontally 
or vertically. (See parts A and B of fig. 9-5.) 


Stock cores are helpful when billets of a 
standard size are tobecast. Billet patterns should 
be constructed ina set, such as a 2-inch outside 
diameter up to a 12-inch outside diameter with 
standard lengths of 6, 9, 12, 15, and 18 inches. 
The series (or set) of patterns are made in 1/2- 
inch diameter increments, while the core boxes 
are made in 1/4-inch diameter increments. Inter- 
changeable cope and drag prints are used in 
conjunction with the set of billet patterns, making 
it possible to cast billets of the same outside 
diameter but of different inside diameters. 


BALANCED CORES 


Balanced cores are cores with the core seat 
So proportioned that it will overbalance that 
part of the core extending into the mold cavity. 
They are used on horizontal cores only. (See 
part C of fig. 9-5.) 


View X in part C of figure 9-5 shows a cross 
section of a cylindrical casting containing a 
cavity that extends only part of the way into the 
body. If the cavity had extended clear through 
the casting, there would be no problem. A core 
print could be built on each end of the pattern to 
provide the seat for the core in the mold. How- 
ever, Since the cavity penetrates only part of the 
way into the body of the casting, there is a need 
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for a balanced core print to seat the core 
properly. Notice that the core print is longer 
than the cavity in the casting. This balances the 
core in the mold and helps to resist the tendency 
of the pressure of the molten metal to float the 
core. 


View Y in part C of figure 9-5 illustrates 
the procedure for using a balanced core print 
of a flanged nature. The larger core print of 
the flanged type eliminates the extra length 
needed for balancing the extended portion of the 
core in the mold cavity. In addition, the flanged 
type balanced core print has a positive core 
locating feature. This feature is called WITNESS- 
ING or REGISTERING a core. The witness mark 
eliminates the possibility of placing the core in 
the mold in any position other than ‘the correct 
one. 


SLAB CORES 


Slab cores are plain flat cores (stock cores) 
used to cover an opening formed by the with- 
drawal of a loose piece of the pattern during 
the ramming-up process. They are made in stock 
boxes and used as necessary. Slabcores eliminate 
the use of an additional section of a flask 
(cheek). 


A method of producing a four-flanged pipe 
connection using a slab core is illustrated in 
figure 9-6. Part A of figure 9-6 is an exploded 
isometric view of the pattern and loose flange; 
part B is an exploded orthographic side view 
of the pattern, the loose flange, and the slab 
core; parts C, D, and E illustrate steps in the 
production of this four-flanged pipe connection; 
and part F illustrates the finished casting. 
(Remember, the gating system is not shown in 
fig. 9-6.) 


Since the procedure for this job differs from 
the usual methods of molding, a brief description 
is given in the following paragraphs. 


The procedure for a four-flanged pipe con-' 


nection has two important aspects: Ramming up 
the slab core upon removal of the loose flange, 
and the elimination of a cheek section of the 
mold. To insert the slab core requires a certain 
sequence of operations. The sequence and tech- 
niques involved are as follows: 


1. Place the drag flask, joint down, on a 
molding board and position the drag half of 
the parted pattern in the flask. Ram the drag 


in the usual manner up to the top of the loose 
flange. (See part C of fig. 9-6.) Withdraw the 
loose flange from the partially completed drag 
and place the slab core over the flange opening 
core print. Ram up the remaining portion of the 
drag, place a bottom board on top of the drag, 
and roll the flask over. 


2. Slick the parting surface of the drag, 
sprinkle parting sand (partine) over the parting 
and place the cope of the pattern and flask in 
position. Ram the cope in the usual manner. 
(See part D of fig. 9-6.) 


3. Remove the cope section of the mold from 
the drag, and withdraw the cope pattern. With- 
draw the drag pattern from the drag section of 
the mold. Check the mold interior carefully and 
repair damage as required. 


4. Set the interior core in the mold cavity 
of the drag, taking extreme care in locating the 
core print of the ''T" section into the hole in 
the slab core (see part E of fig. 9-6). Close and 
clamp the mold for pouring. The completed 
casting is illustrated in part F of figure 9-6. 


COVER CORES 


A cover core is a core set in place during 
the ramming of a mold, to cover and complete 
a mold cavity partly formed by the withdrawal 
of a loose part of the pattern. A cover core 
is used in the same manner as a slab core. 


The term ''cover core'' as commonly used, 
refers to a cope or drag section of the mold 
which is made of oil-bonded or СО» sand in a 
core box instead of the usual practice of forming 
it in green sand in a flask. The underside of the 
cover core can be flat or contoured, depending 
on the conformation of the shape of the loose 
portion of the pattern. The core box is designed 
accordingly. 


The cover core may be made in one or more 
sections depending on the shape and area to be 
covered. In certain types of large castings, use 
of sectional cover cores eliminates the use of 
large flasks and permits the cover cores to be 
made at the same time as the main mold, or 
prior to the preparation of the main mold. 


A method of producing a four-flanged pipe 
connection using a cover core is illustrated 
in figure 9-7. Part A of this illustration is an 
exploded isometric view of the pattern and the 
loose core print for the cover core; part B 
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Figure 9-6.— Application of a slab core. 
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Figure 9-7.— Application of a cover core. 
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is an exploded orthographic side view of the 
pattern and the loose core print for the cover 
core; parts C, D, and E illustrate the steps in 
the molding of a pattern with a cover core; 
and part F illustrates the finished casting. 
(Remember, the gating system is not shown in 
fig. 9-7.) 


Basically, the sequence of operations and 
techniques for molding a pattern with a cover 
core is the same as for a slab core. The main 
difference is that the loose piece on the pattern 
for the core print of the cover core takes not 
only that portion that locates the core print of 
the main body core, but also the full shape and 
size of the flange. 


SUSPENDED CORES 


A suspended core is a core having the core 
seat so formed that it may be suspended above 
the mold cavity. (Part D of fig. 9-5 illustrates 
this principle of coring.) 


The core print extends beyond the pattern 
body and forms a seat, which automatically 
locates, registers, and supports the suspended 
core. The core print of the suspended core is 
formed in the drag half of the mold at the 
parting line; therefore, when the core is set, 
it covers the entire mold cavity except for the 
gating system. The contact area between the 
parting surface of the cope and the top surface 
of the set core prevents the suspended core from 
floating during the pouring of the mold. 


The bearing surface of the core print should 
be adequate to seat and carry the full weight 
of the core. Therefore, the thickness of the 
core should be sufficient to allow reinforcing 
rods to be inserted in the dry sand core. 


The molding position for a pattern using a 
suspended core will force any impurities in the 
molten metal to rise to the cope surface of the 
casting where ample finish allowance can be 
provided. 


SUPERIMPOSED OR CAP CORES 


A superimposed or cap core is a core or 
set of cores superimposed upon a pattern to 
complete a portion of the mold cavity not given 
Shape by the body of the pattern. A part of the 
pattern is actually built in a core box, which 
requires the making of an oil-bonded or a CO; 
core instead of the usual practice of forming 


the core in green sand. The core is used in the 
same manner as a slab core, cover core, ora 
ram-up core. The superimposed or cap core 
may be made in one or more sections depending 
upon the detail, shape, and area to be completed. 


A method of producing a casting using a 
superimposed or cap core is illustrated in figure 
9-8. Part A of figure 9-8 is an isometric view 
of the pattern; part B is an exploded orthographic 
view of the pattern and superimposed core; 
parts C, D, and E illustrate the steps in the 
molding of a pattern with a superimposed core; 
and part F illustrates the finished casting. 
(Remember, the gating system is now shown in 
fig. 9-8.) 


Basically, the sequence of operations and 
techniques for molding a pattern with a super- 
imposed core is the same as for one with a slab 
core or cover core. The main difference is that 
the shape of the cope side of the pattern requires 
a false cope, a sand match, a follow block, or 
a follow board to be used for support of the 
pattern during the ramming of the drag half 
of the mold. (See part C of fig. 9-8.) 


KISS CORES 


The term "kiss core" as commonly used 
means a core that contacts another core or is 
set against the side of a pattern to supplya 
portion of the mold cavity not furnished by the 
pattern. It may have no core prints and may 
depend on contact pressure to hold the core in 
place, It may be partially anchored with core 
prints and may depend on other parts of the 
core to kiss the mold for further support. It 
also may be anchored on one end with prints, 
and with the other end of the core touching the 
mold or another core. 


Some cores such as the kiss core shown in 
figure 9-9 do not require a core print for holding 
the core in position. They depend on contact 
pressure of the green sand. Cores for vertical 
holes are frequently held in position in this manner 
and may be used in places where dimensional 
accuracy is unimportant. The length of the core 
is 1/64 inch longer; therefore, the core projects 
slightly above the parting plane and is held in 
place by the contact pressure of the cope. 


Castings such as the piston for a weight- 
loaded reducing valve shown in figure 9-10, 
require a different application of a kiss core. 
The pattern for this piston requires core prints 
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Figure 9-9.— Kiss core application —no core 
prints. 


for support of the core on the inside diameter 
and the horizontal openings (ports). The vertical 
openings require a core that only goes through 
the casting wall and touches the green sand of 
the mold ("kissing thru"). 


A method of producing a piston for a weight- 
loaded reducing valve using this application of 
a kiss core is illustrated in figure 9-10. Part 
A of this illustration is an isometric view of the 
pattern and core; part B is an exploded ortho- 
graphic side view of the pattern; parts C, D, 
and E illustrate the steps in the production of 
this piston; and part F illustrates the finished 
casting. (Remember, the gating system is not 
shown in fig. 9-10.) 


Another application of the kiss core is for 
casting holes located at an angle to the with- 
drawal of the pattern from the mold. In this 
case, all the holes are made using the plug type 
impression, since it is impractical to draw the 
pattern from the sand with the core prints set 
at an angle. Holes are drilled in the pattern at 
the exact location and angle required. These 
holes are drilled 1/32 inch larger in diameter 
than shown on the blueprint. A plug is turned 
to the exact diameter of the holes shown on the 
blueprint, thus creating a free-running fit between 
the plug and the hole. The plug should have a 


stop on one end and a taper on the other end 
for the core print. The pattern is rammed up in 
the usual manner. After the cope is lifted off 
the drag, the plug is pushed through each hole 
to the stop on the plug, causing each hole in the 
green sand of the drag to be the same depth. 
The pattern is withdrawn from the drag, then 
small cores known as STUB CORES are in- 
serted in the angled holes formed by the core 
print section of the plug. The core print on the 
Stub core matches the core print on the plug; 
since the cores are all the same length, they 
will be flush with the face of the mold. When 
the cope is reset on the drag, the pressure from 
the parting surface will hold the stub cores in 
place. 


The method of producing a bracket having 
holes cast on an angle and for molding a pattern 
using a kiss core that has only a single vertical 
core print is illustrated in figure 9-11. Part A 
of this illustration is an isometric view of the 
pattern and turned plug; part B is anorthographic 
view of the pattern showing the bored holes; 
parts C, D, E, F, and G illustrate the steps in 
the production of this bracket; and part H illus- 
trates the finished casting. (The gating system 
is not shown in fig. 9-11.) 


RAM-UP CORES 


Ram-up cores are used to form portions 
of a casting that are difficult to make in green 
sand. They are incorporated in the mold during 
ramming rather than after the mold is rammed. 
The ram-up core is positioned in the flask with 
the pattern and then remains in the mold after 
the pattern is withdrawn; the principle is illus- 
trated in figure 9-12. When ram-up cores are 
used, the mold should be poured as soon after 
ramming as possible, otherwise, the ram-up 
core will absorb enough moisture to cause blows 
in the finished casting. 


STOP-OFF OR 
DROP-TAIL CORES 


A stop-off core is a core used in forming 
comparatively small openings occurring above 
or below the parting of the mold. The seat 
portion is so shaped that the core is easily 
dropped in place. In addition, holes on top of 
or behind bosses and pads may be formed with 
stop-off cores. 
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Figure 9-10.— Kiss core application — kissing through to green sand. 
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Figure 9-11.— Kiss core application — using one print and using plugged impressions. 
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Figure 9-12. — Ram-up core application. 


Figure 9-13 illustrates how a core may be 
used as a stop-off. In the problem illustrated, 
the core also forms the slotted holes in the 
vertical leg of the casting. Thus, in this case, 
the core performs a dual purpose; that of a 
core forming a portion of the casting, and that 
of a stop-off to prevent metal from entering 
that part of the mold cavity formed by the core 
print, Other terms used for stop-off cores are: 
drop-tail, tell-tale, heel, wing or bootjack cores. 


SETUP CORES 


A setup core is a simple core used to support 
a small core in the mold for extra bearing sur- 
face, if the small core is likely to be misaligned 
by sinking down in the mold. A setup core may 
also be designed to form a boss on the end of 
a casting or to form a seat for other cores. It 
may be designed to be used as a ram-up core. 


The core print cavity is usually formed in 
the mold by a core print on the pattern. However, 
if a small print on a heavy core provides an 
inadequate support in the mold, it may be neces- 
Sary to provide additional support for the small 
core, A brick may be rammed up in the mold 
under the core print to provide this extra sup- 
port, or a special core may be designed to form 
the seat for the small core. Such a core, called 


a SETUP core, is placed under the small cí 
print and used as a ram-up core. 

A method of producing a casting using t 
technique is illustrated in figure 9-14. Parl 
of this illustration is an isometric view of 
pattern, the main body core, and the setup co 
parts B, C, and D illustrate steps in the р 
duction of this casting; and part E illustra 
the finished casting. (The gating system is 
shown in fig. 9-14.) 

If a number of small core prints proje 
from the end of a pattern or core assemk 
a setup core may be designed to incorpor 
all of the core prints into one core. This se 
core may be pasted to the main body core 
core assembly and the complete core set i 
the mold as a complete unit. 

If a small core print is used for a hole 
a boss on the end of a casting, a setup core n 
be designed to combine the core print and 
boss into one core. 

The method of producing a casting requir 
a setup core to include a boss on the end « 
casting is illustrated in figure 9-15. Part A 
this illustration is an isometric view of 
pattern, the main body core, and the setup cor 
parts B, C, and D illustrate the steps in 
production of this casting; and part E illustre 
the finished casting. (The gating system is 
shown in fig. 9-15.) 
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Figure 9-13. — Stop-off or drop-tail core application. 


SPECIAL GATING SYSTEM CORES casting. A gating system plays an important 
part in dimensional casting control and must 
The means whereby the molten metal is in- Бе designed to do the following: 


troduced into the mold, and a knowledge of what 
will happen when the molten metal follows a 


prescribed path as it enters the mold, are factors 1. Permit the complete filling of the mold 
of primary importance in the production ofa cavity. 
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68.113 
Figure 9-14. — Application of a setup core — as a simple core support. 


2. Introduce the molten metal into the mold Special gating cores such as pouring ba: 
with as little turbulence as possible to eliminate cores, strainer cores, tile or gate cores, spl: 
any gas pickup and to prevent mold erosion. cores, and breaker cores may be used in cc 

junction with the general gating system in cc 

3. Regulate the rate of flow of metal into trolling the molten metal while it is being pour 
the mold cavity. into the mold cavity. Applications of spec 
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Figure 9-15. — Application of a setup core— as an aid for exterior surfaces, 
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Figure 9-16, — Application of gating system cores, 
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gating cores are illustrated in figure 9-16 and 
are self-explanatory. Definitions of special gating 
system cores are: 


1. POURING BASIN CORE —A core used for 
a cavity on the top of the cope into which metal 
is poured before it enters the sprue. (See part 
A of fig. 9-16.) 

2. STRAINER CORE —A small perforated 
core in the sprue, runner, or gate to prevent 
entrance of slag and other extraneous material 
into the mold cavity. (See parts B and C of fig. 
9-16.) 

3. TILE OR GATE CORE — Preformed cores 
made of a refractory material such as tile, 


ceramic, or dry sand that are placed in a mold 
to replace a cut or formed (pattern) gating 
system. (See part D of fig. 9-16.) 

4, SPLASH CORES — Inserted refractory ma- 
terial placed in the pouring basin or at the 
bottom of the sprue to eliminate erosion caused 
by the sudden drop or rolling action of flowing 
metal, (See part E of fig. 9-16.) 

5. BREAKER CORE — Cores designed for the 
purpose of easy removal of risers from cast- 
ings. Breaker cores are set in position over the 
contact area of the neck under an open riser, 
creating a necking effect. (See part F of fig. 
9-16.) Other terms used for breaker cores are 
wafer cores and Washburn cores. 
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CHAPTER 10 
COREMAKING 


Coremaking is closely related to the pro- 
duction of a mold because a core actually be- 
comes a part of the mold prior to the pouring 
of the molten metal. The process of making 
cores differs from the process of making the 
mold, in that the core sand is not rammed 
over and around a pattern. Instead, the core 
is shaped to the casting’s requirements in a 
negative (hollow) pattern called a core box. 

Not only is the Molder required to know 
the properties and the characteristics of cores 
(see chapter 9), but he also must be able to 
select the proper material to produce these 
properties and characteristics. This chapter 
describes core materials, core sand mixtures 
(green sand, baked or dry sand, and со), 
coremaking equipment, and the proper core- 
making techniques. 

To produce a satisfactory core, you should 
give careful attention to the same factors that 
are important in the making of the mold; selec- 
tion of the proper material, the right use of 
your equipment, and the employment of correct 
coremaking techniques, Careless or haphazard 
performance of any step in the coremaking 
procedure can result in the production of a 
defective casting. 


CORE MATERIALS 


The properties of a core are of a physical 
nature developed by the Molder to meet the 
Casting’s requirements for a particular metal 
or alloy and mold. The properties and the 
Characteristics of any core depend primarily 
upon the knowledge of the Molder, who selects 
the core materials to create these properties 
and characteristics. 


CORE SANDS 


Silicon dioxide, in the form of disintegrated 
quartz rock, is a loose material consisting of 
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small but easily distinguishable particles used 
as the basis for core sand. Silica sand, a form 
of quartz, is widely used in Navy foundries. 
To be called sand, the fine particles (grains) 
must be smaller than gravel (less than 1/12 
inch in diameter), and larger than the particles 
that make up silt (1/500 inch in diameter). 
The particles that form sand originated from 
the disintegration of granite and quartz rock. 

Granite and quartz rock at one time covered 
a large portion of the earth and were broken 
up by acts of nature such as ice, frost, erosion, 
wind, and water. These broken-up rock forma- 
tions were then deposited in many parts of the 
world, either on the surface, under water, or as 
sub-surface deposits. Surface sand deposits are 
sands which have been moved to seashores by 
wave action, dried in the sun, and blown by the 
winds to be deposited as dunes and beaches, 
Underwater deposits are those sand deposits 
which lie in river, lake, or seashore bottoms. 
Sub-surface deposits are those sands which 
are near the surface of the ground and must be 
mined. 

Silicon (Si), one of the most abundant forms 
of solid matter, when combined with oxygen 
(O2) forms an oxide known as silicon dioxide 
(SiOz). Silicon dioxide may occur in a variety 
of forms, of which silica sand is the most 
common, Silica sand consists of finely ground 
crystalline rock, chiefly quartz, and is a stable, 
hard substance which resists metal penetration 
and has a very high melting point. Therefore, 
the silica sands have the ideal properties and 


- characteristics required of a core sand. 


To obtain the most satisfactory sands for 
cores, attention must be given to the cleanli- 
ness of the sand, the shape of the sand grains, 
and the grain distribution, Sands with a minimum 
of clay content and foreign matter are preferred 
because the presence of the extra fine particles 
(fines) causes lowering of the permeability char- 
acteristic of the core as well as of the bonding 
effect of the core oils used for a binder, Sands 


MOLDER 3 & 2 





with grains of angular shape are not as satis- 
factory for cores as those sands that are chiefly 
composed of round grains. Angular grains require 
more core binder than round grains, resulting 
in & lowering of the permeability value of the 
core, Round grains have a smaller surface area 
than do angular grains, which results in a more 
uniform coating of core oil on each grain; 
thereby creating a core with a higher baked 
strength, 

The grain distribution of any core sand is 
an important factor, related to the amount of 
binders and other materials that must be added 
to the sand to obtain satisfactory results, The 
smaller the grain size used in the making of 
the core, the smoother will be the surface(s) 
of the casting that is in contact with the molten 
metal. The larger the grain size, the greater 
the permeability qualities or the venting of 
the core will be, 

The essential properties and characteristics 
that should be considered for any core are the 
same as those listed for molding sands. (See 
chapters 7 and 9 of this training manual.) 


CORE BINDERS 


Core binders, either organic (derived from 
a living source) or inorganic (derived from a 
nonliving source), belong to two different groups, 
known as wet and dry. Bentonite, corn flour, 
and resin are in the group of dry binders, 
(Silica flour, woodflour, seacoal, and iron-oxide 
are nonbinders.) Molasses, linseed oil, and 
manufactured core oils are in the group of wet 
binders, The two groups (wet and dry) of binders 
may be subdivided into four distinctive classes 
as follows: 


1. Binders that become firm upon freezing, 
such as water and other liquids that will freeze 
and bind the grains into a solid mass. 

2. Binders that become firm at room temper- 
ature, such as portland cement and sodium 
silicate. 

3. Binders that become firm upon the appli- 
cation of heat during baking, such as linseed 
oil, molasses, resins, and manufactured core 
oils. Class three binders may further be sub- 
divided into three separate types: 

(3) those binders, such as raw linseed 
and commercial core oil, which dry 
by heat, 

(b) those binders (resin and pitch) which 
harden upon cooling after the applica- 
tion of heat, and 
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(c) those binders, such as cereal binders, 
which adhere to the grains upon heat- 
ing. 

4. Clays such as bentonite and fireclay. 


Regardless of the group, class, or type of 
binder used in the preparation of the core 
sand mixture, all binders must meet the follow- 
ing requirements for a particular use or casting 
condition. 


1, The binder must have sufficient strength 
for the intended use, 

2. The binder must have sufficient strength 
to hold the core together under the pressure 
and the eroding action of the molten metal and 
still collapse during the proper solidification 
range to eliminate casting strains. 

3. The binder must generate a minimum of 
gases, 

4. The binder must have sufficient strength 
in the green state to hold the core together 
prior to baking or drying. 

5. The binder must have sufficient strength 
to enable storage of a core. 

6. The binder must have sufficient strength 
so as not to allow distortion during baking or 
drying. 

7. The binder must not absorb moisture 
from the mold. 

8. A binder must be capable of being dis- 
tributed throughout the mixture with the least 
amount of mixing. 


The bonding agents used in cores are pri- 
marily corn flour, dextrine, raw linseed oil, 
and commercial core oils. The cereal binders 
(corn flour and dextrine) are rarely used by 
themselves; but when used in combination with 
core oils they produce the required strength 
in a core, Corn flour gives the core green 
strength, and helps to hold the core in shape 
until it is baked. Small amounts of dextrine, 
used in combination with other binders, increase 
the strength of a baked core. Dextrine-bonded 
cores should be used as soon as possible, since 
if they are stored for any great length of time 
they absorb moisture from the air. 

Sometimes woodflour or silica flour are added 
to a core mixture, in order to obtain certain 
properties, Woodflour is used as a filler, not 
a binder; its function is to soften or weaken a 
core to improve collapsibility. The addition of 
silica flour protects the core from metal pene- 
tration and erosion by the molten metal. Be 
careful in adding silica flour, for its excessive 
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use can result in hot tears, because of too high 
a hot strength. 

Since you will not be able to test core col- 
lapsibility with the sand testing equipment avail- 
able aboard ship, you will have to rely upon 
close observation during the shaking out, to 
determine this property. If the sand is still 
hard during shakeout, it lacks collapsibility. 
Cracks occurring in the cored area of thecasting 
indicate that the sand mixture was too strong 
at high temperatures. Subsequent mixes can be 
corrected by adding about 2 percent of wood- 
flour, 

The type of binder used is important not 
only from the viewpoint of strength, but also 
from the viewpoint of gas-generating properties. 
A linseed oil compound, for example, is pre- 
ferable to a pitch-oil compound, since the gas 
generation of the former decreases at a more 
rapid rate, and the possibility of casting defects 
due to core gas is accordingly lessened. 

Several binders can be used together to 
obtain a better overall combination of green 
Strength, baked strength, and hot strength than 
would be possible with a single binder. When 
core oil and a cereal binder are used together, 
the cereal binder contributes most of the green 
strength, and the core oil contributes most of 
the baked strength; the strength obtained from 
this combination is higher than the total strengths 
of the individual binders. 

In general, the advantages of cereal binders 
are; (1) good green strength, (2) good dry bond, 
(3) effectiveness in angular grain sand, (4) core 
oil not absorbed, as in natural bonded sands, 
(9 quick drying, and (6) fast and complete 
burnout. 

Core oils are used to provide a strong, hard 
core after baking. Their advantages over other 
types of binders are: (1) ability to coat the 
individual sand grains evenly, with a satisfactory 
amount of mixing, (2) generate a small amount 
of smoke and gas, (3) work clean in the core 
boxes, and (4) give the cores good strength. 
See table 10-1 for the commonly used binders 
for core sand mixtures, 


SUBSTITUTE MATERIALS 


Situations sometimes arise in which it is 
impossible to obtain standard core materials for 
a job, and substitute sand or binder must be 
used, For example, if new washed silica sand 
is not available, you can use a reclaimed backing 
sand, properly bonded. A fine building sand, or 
beach or dune sand that is relatively free from 
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feldspar or crustaceous matter, is sometimes 
satisfactory. Another source is sand composed 
of pieces of coral and snail shells broken up by 
the action of the waves. 

If bentonite is not available as a binder, you 
can use fireclay; another possibility is the use 
of a natural bonded sand containing clay. Ordin- 
ary wheat flour can be used in place of corn 
flour, and sugar or molasses in place of dextrine. 

Molasses and pitch are two materials that 
you can easily obtain. Molasses for a core mix- 
ture should be mixed with water, to form a thin 
solution known as molasses water, and added 
as part of the temper water during the mulling 
operation. Pitch used with dextrine imparts good 
strength to a core, but is seldom used alone, 
The addition of a small amount of sea coal 
will prevent the pitch from rehardening as it 
cools from the high temperatures caused by 
the molten metal. 

Any use of substitute materials, however, 
should be made only as an emergency measure. 
When substitutes are used, take every care to 
ensure that clay and organic materials are held 
to a minimum amount, and that the mixture is 
composed of a maximum amount of good, clean 
sand. 


COREMAKING EQUIPMENT 


The handtools discussed in chapter 3, the 
sand mixing and core oven equipment discussed in 
chapter 4, and the preparation of foundry sands 
discussed in chapter 7 of this training manual 
also apply to making cores, However, there are 
certain additional devices that are necessary 
for the production of a satisfactory core. These 
extra devices are core boxes, core plates, 
internal supports (arbors) and core driers. 


CORE BOXES 


Core boxes are specially constructed forms 
into which sand is rammed to give the required 
shape to a core. They are the final product as 
far as the Patternmaker is concerned. To the 
Molder, they provide a means to an end just 
like any other tool or piece of shop equipment, 
Nevertheless, core boxes are highly desirable 
pieces of shop equipment. Why? Cores made 
from core boxes have smoother surface char- 
acteristics, greater dimensional accuracy, and 
better resistance to the cutting or eroding action 
of the molten metal than do cores made by any 
other method, 
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Table 10-1, — Common Binders Used in Core Sand Mixtures 


Name Type of Binder Origin and Use 
Bentonite Inorganic Derived from nonliving sources. 
Gives green strength to core 
sand. 
Corn flour Organic Derived from corn. Used to 


improve sand texture and 
collapsibility. Slightly im- 
proves green strength. 


Dextrine Organic Derived from corn starch. Used 
to improve surface hardness 
and slightly increases green 
and dry strength. 


Linseed oil Organic Derived from flax seed. Im- 
parts dry strength to the core. 


Molasses Organic Derived from sugar. Imparts 
dry strength to the core but 
with less efficiency than 
linseed oil. 


Resin Organic Derived from gums of trees or 
manufactured synthetically. 
Soluble in most organic 
solvents. Used for adhesive- 
ness. 


Rosin Organic Residue left from turpentine 
distilling. Used for aluminum 
castings when good collap- 
sibility is necessary. 


Silica flour Inorganic Derived from silica sand ground 
(Nonbinder) into a fine powder. Used to 
close the grains and make a 
core dense. Enables the core 
to resist metal penetration 
and increases refactoriness. 


Woodflour Organic Derived from wood ground into 
(Nonbinder ) a fine powder. Usedasa 
filler for aluminum core 
work. Increases collapsibil- 
ity. 
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Although naval shipyards and production 
foundries frequently use metal core boxes, ship- 
board foundries use wooden core boxes. The 
reason for this is that a particular shaped 
core is so seldom required that the time, effort, 
and expense involved in the making of a metal 
core box is not justified. 

Core boxes, like patterns, are constructed 
in many ways. The simplest is the one-piece 
dump box, (A box of this type will be used later 
in this chapter to illustrate the fundamental 
coremaking techniques.) Other core boxes in- 
volve two, three, or more parts; many incor- 
porate loose pieces; and some are soconstructed 
that two or more cores may be rammed at 
one time. (See fig. 10-1. Some of the more 
common types of core boxes are discussed in 
the following paragraphs. 


Do not assume that these are the only types 
of core boxes or confuse the methods of con- 
Struction with the type of box, although the 
method of construction may determine the type 
of core box. For example, skeleton constructed 
core boxes are called skeleton core boxes. 
For detailed information on the methods of 
construction, consult the Patternmaker., 


1. The DUMP BOX is one which has four 
sides and a bottom and is open only on the face, 
Sand is rammed into the open face and the box 
is turned over onto a core plate. The core box 
is lifted off, leaving the core on the plate, If 
any loose pieces are used they will dump out 
with the core, (See fig. 10-2.) 


2. A COLLAPSIBLE CORE BOX is similar 
to & dump box except that the four sides and 
bottom may be disassembled, After sand is 
rammed into the open face, the box is turned 
over onto the core plate. The collapsible box 
is used when back draft prevents the dumping 
of the core out of the box. Instead, the sides 
and bottom of the box are disassembled and 
pulled away from the core. (See fig. 10-3.) 


3. An OPEN END BOX is, as the name 
implies, open on the ends. The box is set up 
vertically so that one end is in contact with 
the core plate. Sand is rammed into the other 
open end at the top. The box is pulled away 
leaving the solid core standing on end. The 
open end box is usually made in parted halves 
as shown in figure 10-4, 


4. A GANG BOX is usually an open end box 
used for making several cores at one time for 
mass production work, (See fig. 10-5.) 








CORE BOX 


TWO-PIECE CORE BOX 





GANG CORE BOX 


102.80 
Figure 10-1. — Simple core boxes, 
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Figure 10-2. — A dump box, 


68.118 
Figure 10-4, — An open end box. 


68.117 
Figure 10-3, — Collapsible core box, 


CORE PLATES 
AND DRIERS 


The function of a core plate is similar to 
that of a mold board or follow board, in that it 
prevents the rammed sand from spilling when the 
core box or container is rolled over, It is also 
used to support the core during baking. In the 68.119 
shipboard foundry, core plates will probably be Figure 10-5. — A gang box. 
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available in a variety of materials (aluminum, 
asbestos, cast iron, steel) and in a number of 
different sizes. 

The perforations in a core plate facilitate 
the baking of baked cores, and the drying of 
green sand cores, The surface must be perfectly 
Straight, or the baked core will be distorted. 
It must be clean, also, for any foreign matter 
will bake onto the core, 

When a core has a tendency to sag before or 
during baking, it may be necessary to give the 
core additional support to eliminate serious 
parting problems. For short run jobs, cores 
may be supported in a bed of loose green sand 
or silica sand which can be brushed off the core 
after baking. When parting problems are en- 
countered, temporary drying frames or bedding 
boxes should be provided. 

For a large number of cores of a compli- 
cated design, the Patternmaker may include 
special flasks or supports called core driers 
with the pattern equipment. These driers are 
usually made to conform to the contour and 
shape of the individual core, thus maintaining 
the true shape during baking. Core driers are 
designed with thin walls to reduce heat absorp- 
tion, and are reinforced with ribs to withstand 
warpage caused by sudden temperature changes. 
The design and construction of a core drier is 
as important as the design and construction of 
the core box itself, 

In core drier design, the basic requirement 
is rigidity. As a drier is handled many times, 
lightness is also an important factor; therefore, 
all excess material should be removed wherever 
practicable, The design should include holes, 
perforations, windows, and relief of certain 
dimensions to produce proper heat circulation 
around the core during baking. The design of 
the drier is such that only those core surfaces 
where support is necessary are supported, 


CORE INTERNAL SUPPORTS 


Internal support is given to large cores, 
and to those cores of intricate shape, by the 
use of rods and arbors. In some instances, de- 
vices for lifting and handling the core may also 
be necessary. Internal supportis obtained through 
the use of wire rods and arbors, Lifting hooks 
are frequently attached to the core's internal 
supporting framework to facilitate the handling 
of large cores, 

RODS and ARBORS serve an identical purpose 
in coremaking; that is, both provide support 
against twisting, bending, and breaking while 


the core is being handled or while the casting 
is being poured. Rods from 1/8 to 3/8 inch in 
diameter are used to provide support in smaller 
cores, while arbors are usually necessary in 
medium- and large-sized cores. Core rods are 
bent to the desired shape by hand. Arbors are 
formed by pouring molten metal into open sand 
in which the shape of the arbor has been molded. 
A typical arbor for a medium-sized core is 
illustrated in figure 10-6. 

Arbors are seldom necessary in the cores 
produced in the Navy's shipboard foundries, 
But only the simplest of cores may be constructed 
without rodding. Effective rodding often involves 
more than just laying rods loosely in the body 
of the core. Occasionally a framework of rods, 
similar to that shown at B, figure 10-7, is wired 
together. This technique is essential for cores 
that require lifting eyes or hooks to facilitate 
handling. In the example given, lifting devices 
(C, fig. 10-7), if required, are secured to the 
corners, which are the strongest portions of the 
frame, 

RODS may be used to strengthen the core in 
a number of ways. Each core presents a special 
problem and must be considered on its own 
merits. Just as deep draws must be gaggered 
in the cope and cheeks of amold, so must similar 
parts of the core be rodded. Part A of figure 
10-7 illustrates a few of the various ways in 
which it may be necessary to bend rods for 
different kinds of core shapes. 


CORE SAND MIXTURES 
Manual mixing of core sands is  unsatis- 


factory, because many of the binders are added 
in small amounts and it therefore requires a 
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Figure 10-6,— A typical core arbor. 
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102.82X 
Figure 10-7.— Rodding and lifting devices for 
cores, 


very thorough mixing operation to distribute the 
binder uniformly through the sand. To obtain 
maximum advantage from the binders, you must 
mix core sands in a muller or similar type of 
mechanical mixer, If you use a shovel for mixing 
the sand, you will have to add a greater amount 
of binder to obtain the desired properties, and 
the results may not be consistent throughout 
the sand. 

In preparing core sands, set the muller in 
operation and then proceed as follows: (1) put 
in the sand, (2) add the dry ingredients, (3) run 
the mixture dry for a short space of time, (4) 
add the liquids, and (5) continue to mix for the 
required period of time, Mulling time has the 
same effect on core sand as on molding sand — 
lengthening the mulling time beyond 5 or 6 
minutes does not add to green strength, as the 


green strength increases rapidly for the first 
2 minutes or so of mulling, but then levels off. 
With experience, you will be able to determine 
the proper mulling time for each individual mix, 

Laboratory tests indicate that more consistent 
properties are obtained when you add core oil, 
and mix it with the sand, before you add water. 
When you use cereal binder, do not mix the batch 
for too long a time before you add the liquids. 
Excessive mixing of sand and cereal binder 
without the liquid additions makes the batch 
sticky, and a longer time will be needed to bring 
the core mix to a satisfactory condition. 

Various core sand mixtures that may be 
used for green sand cores, baked or dried sand 
cores, and carbon dioxide (CO2) cores, are dis- 
cussed in the following paragraphs. Remember, 
that the core mixtures given here are used 
merely as a guide to obtain satisfactory cores 
for shipboard foundries. 


GREEN SAND CORE 
MIXTURE 


A suitable green sand core mixture may 
be obtained by slightly modifying the basic 
formula for all-purpose (synthetic) sand. (See 
chapter 7.) The percentage of dextrine, corn- 
starch, and the total moisture is increased; 
the dry, washed silica sand is decreased; while 
the bentonite percentage remains the same, 


Weight or 
Percentage 


Material 


Washed silica sand (dry .... 95.0 
Bentonite ,........... 38.0 
Dextrine. ...... o 1.5 
Cornstarch ........... 0.5 
Moisture (total by test, after 
mülling) 4.54 34e aeos 800 


(Note: a pint of water weighs approximately 
1 pound.) 

Before adding the moisture to the green 
sand mixture, the core sand and the dry in- 
gredients should be given a brief but thorough 
mulling. 

In a green sand mixture, the dextrine causes 
the core's surface to harden without baking. 
Core strength is accomplished through hard 
ramming and the use of reinforcing rods and 
arbors. This mixture should be rammed to ahigh 
degree of hardness and allowed to air dry for 
1-1/2 hours or more, At the end of this time 
the cores may be handled, if care is used, and 


214 


Chapter 10 — COREMAKING 





if the core shape has been properly reinforced. 
Green sand cores are excellent for preventing 
hot tearing of the casting. 


BAKED OR DRY SAND 
CORE MIXTURES 


In the previous chapter, it has already been 
mentioned that most of the cores used in ship- 
board foundries are of the baked sand type. 
The formula for dry sand cores can be altered 
to meet the specifications of a specific metal 
or alloy. The following formulas suggest various 
dry sand core mixtures for a specific metal 
or alloy, and are given merely as a guide to 
obtain good core mixes for shipboard foundries, 


ALUMINUM 


Washed silica sand (dry) AFS 100-150. . . 78.0 1b 
Washed silica sand(dry) AFS 70-100 . . . 22.01b 
Woodflour e e e LÀ LÀ LÀ e e e e e e LÀ e LÀ e e 2.0 lb 
Corn flour e e e e e Ф LÀ e. LÀ e e e e e e LÀ e 1.0 lb 
Linseed oil, raw, light. .......... 1.01b 
Moisture (арргох)............. 3.510 
BRASS, BRONZE (light castings) 
Washed silica sand (dry) 
AFS 70-100 Ф Ф LÀ e Ф LÀ e LÀ e e. e 60.0 Ib 


Washed silica sand (dry) 


AFS 100-190... ... .. . 40.0 1b 
Linseed oil, raw, light ....... 1.0 lb 2 oz 
Moisture (approx. ......... 3.010 

BRONZE (heavy castings) 
CAST IRON, STEEL 
Washed silica sand (dry) 

AFS 70-100........... 100,0 Ib 
Iron oxide e e e e e e e e e e e e e e 1.0 lb 
Còrn ТОЦ, 4 jo. 6: 3 9 wow але 8,0 oz 
Linseed oil, raw, light ....... 9.002 
Moisture (approx) e.. ese... 171.01 

CAST IRON AND STEEL 
Washed silica sand (dry) 

AFS 70-100........... 100.0 Ib 
Linseed oil, raw, light ....... 1.0 10202 
Moisture (approx. ......... 1.0 1b120z 


GENERAL PURPOSE (non-deforming) 
Washed silica sand (dry) 


AFS 100-150. . . . . .. . . . . 60.0 Ib 
Corn Поцт,: ss . 4. 9.5». 1.0 Ib 9 oz 
Linseed oil, raw, light ....... 1.0 lb 2 oz 
Moisture (approx. ......... 3.0 lb 8 oz 


GENERAL PURPOSE (high degree of 
green strength and collapsibility) 


Washed silica sand (dry) 


AFS100-150........... 100.011 
Woodflour. ,.. .... «^... o  1.01b12oz 
СОТ ТОШ v аа а eres. жор шл 7 OZ 
Linseed oil, raw, light . . . . . . . 1.0 lb 202 
Moisture (approx) ......... 7.011 

MONEL, CAST IRON, STEEL 

(heavy castings) 
Zirconium silicate ........ . 100.0 Ib 
SINCaTOUr аат ое аи азо vv 7.5 Ib 
Bentonde . .. 559». 0 10 
Linseed oil, raw, light (ede. 9 ee? 4 ОШ 
Moisture (approx) . .. ... . . . 1.510 


Before adding moisture to the sand mixture, 
all dry ingredients should be given a brief but 
thorough mulling. 

In the baking of dry sand cores, two things 
actually take place. First, the moisture is driven 
off. Following this, the temperature rises, caus- 
ing drying and partial oxidation of the oil. The 
actual baking of core sand and the binder causes 
the sand grains to adhere to each other, In this 
manner, the strength of the core is developed. 


CARBON DIOXIDE (CO2) 
CORE SAND MIXTURES 


The sand used for the СОг process of making 
cores should be clay-free and clean. The sand 
should be cold since warm or hot sand will 
cause premature hardening. Premature hardening 
will cause the sand to become unworkable. 
Therefore, cold sands are recommended. The 
moisture content of the sand is critical and 
should be held below 1/2 percent. If the moisture 
content is in excess of 1/2 percent, weak cores 
will result. Grain size of the sand used is not 
critical, but will depend on the surface finish 
desired, Finer sands are generally used with 
the СО» process to improve surface finish be- 
cause tolerances can be held closer in COQ 
cores than in green sand, baked or dry sand, 
or green-topped cores, 

The main component of binders used is 
SODIUM SILICATE; other components are sugar, 
glycerine, or molasses. Only certain grades 
of sodium silicate are suitable in making CO, 
binders; silicates having silica to soda ratios 
of 1,9 to 1 are satisfactory. (Common water glass 
is not suitable for a binder because it hasa 
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ilica to soda ratio of 3.25 to 1. High ratio 
ilicates are generally not viscous or alkaline 
nough to react with carbon dioxide and set 
gel) during the gassing period.) 

The second common ingredient of СО» binders 
S sugar syrup containing 50 to 70 percent 
olids, The purpose of the sugar syrup in the 
inder is to aid in the breaking-down properties 
collapsibility) of the соге, Sugar held in the 
inder decomposes when exposed to heat and 
/eakens the bond between the sand grains. The 
ecomposition of the sugar is not complete until 
he molten metal has started to solidify to a 
egree that the core holds its shape while the 
olidification progresses. Sugar syrup in the 
inder promotes good collapsibility and allows 
he core to be easily shaken out or removed 
rom the casting. 


Core sand mixtures, known as additives, 
nay contain materials other than sand and 
inder, These additives are used to improve 
urface finish or to inhibit chemical reaction 
etween the molten metal and the sand core 
uring pouring and solidification. Sometimes 
dditives may be applied to the core in the 
orm of a core wash or core dip. There are 
папу additives that may be used with the CO, 
rocess, However, when using additives remem- 
er that: 


1. Cereal flours tend to weaken cores, 

2. Acid additives and inhibitors should be 
voided because they react with the sodium 
ilicate. 

3. Additives should be held under 1 percent 
f the total mixture to avoid weakening of the 
ore, 


Mixing is a very critical part of the СО» 
госеѕѕ5. It is most important for the sand, 
inder, and any additives to be weighed accu- 
ately. Mixing time should be held to less than 
| minutes because overmixing will tend to dry 
ut the sand. If any additives are used in the 
ore mixture, they should be mixed in the dry, 
tate before the binder is added. Once the sand 
as been mixed, avoid unnecessary air contact 
y covering the sand with burlap. Only enough 
and as is needed at one time is mixed because 
rolonged standing of the core mixture will 
esult in losses through drying out and air 
ardening. 


The following carbon dioxide core sand mix- 
ure has been found satisfactory for shipboard 
oundries, However, as in all mixes, variations 


in the percentages of ingredients may be neces- 
Sary. 


ALUMINUM 


Washed silica sand 
AFS 100-150........ 
Sodium silicate. ......ee-. 
(silica to soda ratio of 1.9 to 1) 


. 100.0 parts 
3.0 parts 


NOTE: Mixing time is from 2 to 4 minutes, If 
mixture becomes hot, discard it. Avoid air con- 
tact after mixing as much as possible. 


BRASS AND BRONZE 


Washed silica sand 
AFS 100-150. . 
Sodium silicate. . . .. . . èo 
(silica to soda ratio of 1.9 to 1) 


2.75.5... 100.0 parts 
4.5 parts 


NOTE: Mixing time is from 2 to 4 minutes, If 
it becomes hot, discard mixture. Avoid air con- 
tact after mixing as much as possible. 

CAST IRON (heavy castings) 


Washed silica sand 


AFS 100-150. ........ 75.0 parts 
Washed silica sand 

AFS 70-100 ......... 20.0 parts 
Sodium silicate......... 4,5 parts 
(silica to soda ratio of 1.9 to 1) 
Iron Oxide. ........... 3.0 parts 


NOTE: Mixing time is from 2 to 4 minutes, If 
it becomes hot, discard it. Avoid air contact 
after mixing as much as possible. 


CAST IRON, STEEL (light castings) 


Washed silica sand 


AFS 100-150. ........ 100.0 parts 


Sodium silicate. ........ | 4.5. parts 
(silica to soda ratio of 1.9 to 1) 
Iron oxide. e... eee . . 20 parts 


NOTE: Mixing time is from 2 to 4 minutes, If 
mixture becomes hot, discard it. Avoid air con- 
tact after mixing as much as possible. 


When silica sand is mixed with sodium sili- 
cate, each grain of sand is coated with a thin 
film of the viscous liquid. After the coated sand 
has been rammed into the core box, tiny liquid 
lenses (bridges) of binder connect the sand 
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grains. These connecting areas of liquid are 
not strong enough to bind the sand grains together. 
However, when carbon dioxide (CO2) gas is 
passed through the sand mass, the sodium sili- 
cate binder thickens to such a degree that the 
sand grains are bound together, making the 
sand mass rigid. This results from the chemical 
reaction between the sodium silicate in the 
binder and the carbon dioxide gas which forms 
sodium carbonate and silica. Both the sodium 
carbonate and the silica are solids, therefore, 
a part of the liquid binder is converted toa 
solid material which stiffens the binder, giving 
the core strength. 

Most СО» cores do not need a core wash, 
but if a core wash is necessary, use an alcohol- 
base core wash instead of a water-base wash. 
When sealing core joints or patching a core, 
an alcohol-graphite mixture is recommended. 
Heated СО» gas helps to eliminate the danger 
of moisture condensation from the atmosphere 
and achieves a greater spread of gas. 

Carbon dioxide sand mixtures may be used 
for whole mold, a full facing of the mold, or 
may be used for only a localized facing. Such 
facings yield better dimensional accuracy than 
do baked or dry sand molds. 


COREMAKING TECHNIQU ES 


There is naturally a great similarity between 
the techniques employed in making a mold, and 
those employed in making cores, The fundamental 
difference is that the mold is a cavity into which 
the molten metal flows to form a solid shape, 
and the core is a sand body around which the 
molten metal will flow to form a cavity in the 
finished casting. Both processes, however, re- 
quire preparation of the sand—ramming, rein- 
forcing, leveling off, rolling over, and venting. 
In addition, coremaking normally requires an 
additional process of baking or gassing. 

The first step in coremaking is to decide 
What type of core is needed. The next step is 
to assemble the materials, tools, and equipment 
that you will need. If there are core boxes 
available, inspect them for accuracy of fit. 
Make sure that the box you use is clean and 
free from defects. 


SHAPING THE CORE 
When you place the core sand in the core 


box, spread it into a layer of uniform depth, 
and be very sure to tuck the sandinto all corners 


and recesses, The amount of sand that you use 
will depend upon the size of the core. Usually 
about 1/2-inch depth is sufficient; for small 
jobs, however, you should completely fill the 
box. 

RODDING to provide the necessary internal 
support is the next step in the procedure. In 
many cases, it is enough just to lay the rods 
loosely in the body cf the core, as indicated 
at part A of figure 10-8, Then fill the box with 
core sand, pack it, strike it off, and slick it 
down, following the same general procedure as 
that used in making a mold. 


RODS 









CORE SAND 


CORE BOX 


CROSS SECTION OF CORE 
AND PLATE 


102,83 
Figure 10-8, — Steps in making a core, 
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A green sand core, if you have occasion 
to make one, must be rammed hard, but the sand 
must not be packed too tightly for a core that 
is to be baked. 

When cores are large, or of complicated 
design, you should put in a layer of facing sand 
and place the rodding before you fill up and 
ram the core box, You can follow this same 
procedure with small, simple cores; you may, 
on the other hand, simply press the rods into 
loose core sand heaped in the core box, and then 
ram the core in the usual manner. 

After you have placed the layer of core sand 
in the box, use backing sand or coke, instead 
of core sand, to fill up the center portion of a 
large core. After the core has been baked, this 
center packing is removed, The use of this 
coarse material provides a better venting for 
the interior of the соге, 

VENTING the core is done by forcing a rod 
lengthwise through the core, For a core made 
in half-sections, & central vent can be provided 
by using a core file to cut a shallow V-shaped 
channel along the center axis. 

Sometimes vent wax will have to be used, 
as where ordinary venting procedures cannot 
be employed. The wax is embedded in the core 
during ramming; it melts and disappears into 
the body of the core as the core is baked, leaving 
vent channels having the diameter of the wax 
Strand. There is no ash residue from this 
wax, The disadvantage of this procedure is that 
the wax may produce a gas when the core comes 
in contact with the molten metal, and this gas 
can cause defects in the casting. 

TURNING OUT the core is done by placing a 
core plate on top of the core box, and then 
rolling the box over (see part B of fig. 10-8). 
Gently rap the box with & mallet, meanwhile 
drawing the box away from the sand. Inspect 
the surface for defects; slicking or trimming 
may be done at this stage, but if you were 
careful to select a good core box, no surface 
repairs should be necessary. (Part C of fig. 
10-8 illustrates the simple core ready for baking.) 


SPRAYING the core with a core wash is done 


only when absolutely necessary. Use a graphite 
wash if the core is intended for a cast iron 
casting; other washes are described in chapter 
7 of this training manual. 


BAKING THE CORE 
The core is now ready to be placed in the 


core oven for baking. Do this as soon as possible 
after the core is made, for if it is allowed to 


Stand, the drying out that takes place will weaken 
the core surface. A core having a large surface 
area in relation to its volume may be adversely 
affected by surface drying in only a few minutes. 

If you are placing several small cores ona 
single shelf in the oven, keep some space between 
them. This will facilitate the baking process. 

Skillful and careful preparation of a mold, 
and of the melt, can be canceled out by a poorly 
baked core. When a core is not completely baked, 
the hot metal around it will generate a gas that 
can be forced into the surrounding metal. The 
gas may form so rapidly that it will even close 
off portions of the mold cavity. 

Another disadvantage of using a core that 
is not completely baked is that it may become 
extremely hard when it is exposed to the heat 
in the mold. A core that is too hard resists 
the normal contraction of the metal, and causes 
stresses or cracks in the casting; the core 
will also be difficult to remove from the casting. 

Overbaking is as much to be avoided as 
underbaking. After a certain point, the strength 
of the core begins to decrease at a rapid rate. 
Loss of strength can result in excessive breakage 
of the cores during handling or during casting, 
in erosion of the core surface, and in dirt 
(due to such erosion) becoming entrapped in 
the casting. If overbaking is prolonged, the core 
may crumble completely. 


Baking time and temperature are therefore 
extremely important factors, but no hard and 
fast rules can be laid down, The best combina- 
tion of time and temperature must be worked 
out on the basis of (1) type of binder used, 
(2 ratio of oil to sand, (3) size of core, and 
(4) type of core oven used. 


Here, as in the melting processes, results 
of tests and processes previously conducted 
will be of great practical value in performing 
current jobs. When a new core mix is to be 
used, it is advisable to make a series of tests 
to determine the effect of baking time, tempera- 
ture, and oven characteristics. 

The following simple test is suggested: Make 
a series of 3-inch, 5-inch, and 8-inch cube 
cores, without using rods to give them artificial 
support, Bake these cubes at various tempera- 
tures (400°F, 425°F, 450°F, 475°F, and 500°F), 
for varying predetermined periods of time. When 
the cores have been removed from the oven 
and cooled, cut them open with a saw, and inspect 
to see the extent to which they are baked, The 
results of this test will provide a basis for 
determining times and temperatures to use for 
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various cores in a specific oven, and under given 
atmospheric conditions. 

MOISTURE EVAPORATION in an oil-sand 
core is essential. The oven temperature does 
not necessarily represent the core temperature, 
because of time lag before the core absorbs 
enough heat to come up to oven temperature, 
Furthermore, the surface of a core may be at 
a higher temperature than the core center, 
because of the time required for heat to pene- 
trate. Therefore, a sufficient soaking period 
must be allowed, sothat all temperature gradients 
are eliminated, and all cores (from surface 
to center) are at oven temperature, 

For oil-sand cores, this temperature must 
be not lower than 375°F, nor higher than 500°F; 
and whatever temperature is decided upon, it 
must be kept uniform. The oven heat then causes 
the oil in the sand to dry and partially oxidize, 
with a resulting increase in the strength of 
the core. 

The size of the core is definitely a factor. 
The outer surface will bake readily, and by 
the time that the inside of the core has baked 
to maximum strength, the outer surface may be 
overbaked, and consequently decreased іп 
strength, This is one reason for using permeable 
material with low moisture and bond content for 
the inner section of large cores. It is also the 
reason for using low temperatures, and for the 
perforated core plates and spaces left between 
cores to permit free circulation of air. 


The BAKING CYCLE, involving as it does so 
many factors, must be a matter of judgment 
based on tests and previous experience, A practi- 
cal method is to observe the color of the core. 
When it has turned a uniform nut-brown color, 
it is usually properly baked; a lighter color 
indicates insufficient baking, and a darker color 
indicates overbaking. You can acquire skill in 
recognizing these variations in color if you will 
study the appearance of test cube cores for which 
baking time and temperature have been recorded. 

At the completion of the baking cycle, re- 


move the cores from the oven. Do this carefully, , 


for at these high temperatures they are very 
fragile. Allow them to cool to a temperature 
below 125°F before you remove them from the 
core plates, 


FINISHING THE CORE 


The finishing operations that you will need 
to perform upon baked cores will vary, depending 
upon the condition of each core on its removal 


from the core oven, and upon the degree of 
dimensional accuracy that it must have. 


CLEANING and SIZING operations may be 
necessary to ensure proper fit of the core 
into the mold for which it is intended, If there 
are any fins or humps, you should remove 
them, smooth the roughened spots, and brush 
off the loose sand. Check the vents, to see if 
they are adequate to permit the escape of gases, 
and at the same time prevent metal entering 
the core when the mold is poured. Remove any 
permeable material such as backing sand, coke, 
or ashes, used to fill the center portion of the 
core, 


To determine whether a core has the required 
dimensional accuracy, you will have to take 
core measurements with a pair of calipers, 
and then check each measurement against the 
pattern or blueprint. (The use of calipers is 
discussed in Basic Handtools, NavPers 10085-A.) 
If a core section does not conform closely 
enough to the blueprint dimensions, you will 
have to file it to size. However, be sparing in 
the use of a file; any filing done on the core 
surface is all too likely to produce an inferior 
finish on the casting. 


When a single core design is used repeatedly 
in the shop, it is a good idea to use a template, 
cut from thin sheet metal, the same size as 
the core section. When quality cored castings 
must be made, the use of templates and calipers 
is essential. 


ASSEMBLING cores that have been made in 
sections is usually accomplished through the use 
of a core paste mixed as follows: 


Bentonite. . . . . . se» 

Dextrine. ....... 

Silica flour, ........ 
(200 mesh or finer) 

Water 4.4 7*4 toa 
(enough to develop a pasty 
consistency) 


3.0 percent 
6.0 percent 
91.0 percent 


Before applying the core paste, rub the 
core joints over each other to smooth their 
faces, and then remove all loose material with 
either a brush or with a light stream of com- 
pressed air. Apply the core paste to the joint 
faces (with a brush, a spreader, or your fingers), 
making sure it does not seal any of the vents of 
the core. Bring the core sections together, align 
them accurately, and firmly press the faces 
together, (See fig. 10-9.) 
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102.84 
Figure 10-9.— Pasting and assembling a соге. 


After the pasted core sections have set 
sufficiently to prevent slipping, seal the joint 
edges with a core filler mixed as follows: 


Bentonite... 4.4 жа » << « 90 percent 
DGAITING - 6.6.0.8 уз xoceoxo* x. BM Percent 
Silica. flour, 5 $4 v vs s « 94,0 percent 
(200 mesh or finer) 
МӨӨР жж 9 eee 
(enough to develop into the 
consistency of a thin putty) 


Apply the core filler mixture to the core 
joint and smooth the surface of the core with 
your fingers, At this point, check the dimensions 
again, Before you use this core in a mold, dry 
it in the open air, or replace in a hot core oven 
for a short period of time. The previously men- 
tioned core paste and core filler were developed 
by the Naval Research Laboratory and have been 
found to give satisfactory results. A major pre- 
caution to be observed in their use is to see that 
they are thoroughly mixed in the dry state before 
adding water, and again thoroughly mixed after 
the water is added. 


CORE STORAGE 


You might suppose that it would be advisable 
to make up a supply of cores for future use and 
store them, but this is definitely not a good 
practice. It is true that some stock cores are 
made in advance and stored, The general rule, 
however, is to make up a core within not more 
than 24 hours of the time when it will be used, 


There are good reasons for this practice. 102.85 
Green sand cores lose moisture to the atmosphere Figure 10-10.— Cores set in a mold, 
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during any extended period of storage, and con- 
sequently increase in strength. The much drier, 
baked cores absorb moisture from the atmos- 
phere, and consequently decrease in strength, 
especially on the core surface. Oil-sand cores 
are less affected by moisture absorption than are 
those cores made with rosin-type binders, but 
neither of these types should be unnecessarily 
exposed to the atmosphere. Remember that any 
change in core properties occuring during storage 
can result in the production of defective castings. 


POSITIONING A CORE 
IN THE MOLD 


The most common method of positioning a 
core in the mold is through the use of core 
prints provided in the mold. This is the method 
illustrated in part A of figure 10-10. For most 
jobs, ram-up prints are adequate; but in some 
jobs, the prints are provided for by projections 
on the pattern. Occasionally, you may be forced 
to use chaplets, to prevent the core from lifting 
or floating when the metal is poured into the 
mold. 


221 


Another method of positioning the core is to 
hang it from the cope, as indicated at part B 
of figure 10-10. 

Check the core vents, to be sure that when 
the cores have been set in the mold, the vents 
will be continued through the mold. It is also 
necessary, of course, that the vent be open at 
the core surface. 

Make certain that the core is accurately set, 
for if it is set off-center, the casting thickness 
around the core will not be uniform. Do not 
depend wholly uponinspection to determine proper 
setting. A good way to check accuracy ofthe core 
setting is to apply a layer of flour paste to 
strategic points between the core and the wall 
of the mold cavity. Close the mold carefully; 
then open it, and check the thickness of the paste 
against the thickness specified for the casting. 

Whether you make this flour paste check 
or not, you should always first close the mold, 
then open it and inspect for improper fits or 
crushed areas. If all is satisfactory, blow out 
the mold to remove any loose sand, then close 
and clamp it. After this has been done, do not 
move the mold again until after the metal has 
been poured. 





CHAPTER 11 
METALS AND ALLOYS 


Many of the metals in use today were known 
to prehistoric man, Even before the time of 
written records man possessed certain smelting 


and metalworking skills. As early as 3000 B. C. - 


the ancient Egyptians were producing bronze 
by alloying tin with copper. And, prior to the 
time that these early craftsmen along the Nile 
had developed their bronzemaking techniques, 
the Chaldeans in Mesopotamia had developed the 
art of working copper. 

Since prehistoric times each succeeding civili- 
zation has made some contribution to our knowl- 
edge of metals. In recent years, of course, 
rapid advancements in the science of metallurgy 
have provided us with hundreds of metallic alloys 
unknown to the ancients, That fact notwithstanding, 
we of the modern world are greatly indebted 
to the civilizations of the past. 


Familiarity with metals and their casting 
characteristics is fundamental to the production 
of sound castings. The Molder must have a 
knowledge of metals with which he will work, 
and the ability to recognize them in stock form 
by surface appearance or other means. To pro- 
duce a casting intended for a specific applica- 
tion, he must know something about the various 
metallic elements, and the specifications that 
cover the cast alloys he produces. 


Information in this chapter is presented in 
the language of the layman on metals, metal 
classification, methods for identification of 
metals, metal specifications, and solidification 


of metals. After reading this chapter, you should 


be able to (1) describe metals and alloys and 
relate the symbols of the various elements to 
composition of metals, (2) give the metals and 
alloys that are used in the foundry and classify 
them accordingly, (3) explain the various methods 
for identifying metals, pointing out the safety 
precautions that must be observed, (4) refer to 
the current specifications for metals, and (5) 
recognize the importance of how metals solidify 
in the mold. 
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WHAT IS A METAL? 


If all metals had the same properties, there 
would not be a need for producing the many 
alloys that are now in use. Hundreds of alloys 
are produced in a wide variety of furnaces in 
commercial foundries. In the Navy’s shipboard 
and advanced-base foundries, however, Navy 
Molders normally produce castings from about 
16 alloys melted in oil-fired, gas-fired, electric 
rocking (indirect arc or resistor), or induction 
furnaces, 


Can you define a metal? Although we all 
have a general idea of what we mean by the word, 
it isn’t easy to give a simple, accurate defini- 
tion. Chemical elements are considered to be 
metals if they are lustrous, hard, good con- 
ductors of heat andelectricity, malleable, ductile, 
and heavy. Within the group of chemical elements 
that are classified as metals there is, of course, 
considerable variation in the distribution of these 
properties, Some metals are heavier than others; 
some are more malleable than others; and some 
are better conductors of heat and electricity. 
In general, however, these properties are known 
as "METALLIC PROPERTIES,'' and chemical 
elements that possess these properties to some 
degree are called METALS. Chemical elements 
that do not possess these properties are called 
NONMETALS; oxygen, hydrogen, chlorine, and 
iodine are examples of nonmetallic chemical 
elements, Chemical elements that behave some- 
times like metals and sometimes like nonmetals 
are often called METALLOIDS, Carbon, phos- 
phorus, silicon, and sulfur are examples of 
metalloids. 


An ALLOY may be defined as a substance 
that has metallic properties and that is composed 
of two or more elements. The elements that are 
used as alloying substances are usually metals 
or metalloids. The properties of alloys differ 
from the properties of the elements that compose 
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the alloys, and in this difference lies the use- 
fulness of alloys. By combining metals and 
metalloids, it is possible to develop alloys that 
improve strength, ductility, hardness, wear re- 
sistance, corrosion resistance, and other proper- 
ties for a given use, However, a discussion of 
these- properties is beyond the scope of this 
manual. 

We may not realize it but Molders use some- 
thing from the ancient world everyday — symbols. 

SYMBOLS for many of the commonly used 
metals are taken from the Latin counterpart 
of their English name; for example, iron and 
copper. The symbol for iron is Fe, which is 
the first two letters of the Latin ferrum, Another 
example is copper, whose symbol is Cu, from 
the Latin cuprum. Not all symbols for metals 
originated from Latin, but whether they did or 
not you should be familiar with these symbols. 

Metallic elements, metalloids, and nonmetals 
all have their identifying symbols, by which 
they are known to the chemist, the engineer, 
and the metallurgist. The Molder also will find 
these symbols helpful to know; they provide a 
sort of shorthand in keeping records and in 
calculating charges, and they are used in the 
written specifications to which he must often 
refer, 

Table 11-1 lists the symbols for the more 
commonly used virgin metals and elements. 
This table also includes such additional data 
as specific gravity, density, melting point, and 
the boiling point. 


CLASSIFICATION OF METALS 


The metallic materials with which you will 
work are divided into two groups: the ferrous 
metals, and the nonferrous metals. A ferrous 
metal is composed principally of iron; in this 
classification are all the carbon and alloy steels, 
as well as pig iron, cast iron, wrought iron, 
and ingot iron, All other metals (lead, zinc, 
tin, copper, brass, nickel, aluminum, and alumi- 


num alloys) are included in the nonferrous’ 


classification. 

In many Navy foundries, metal stockpiles 
include ferrous and nonferrous alloys and virgin 
metals, Alloys make it easier for the Molder 
to produce castings with a composition that is 
within the specified limits. Unlike the Shipfitter 
and Machinery Repairman, who are concerned 
chiefly with shaping and machining existing metal 
stocks, the Molder’s work may call for an 
alteration of the chemical composition of a 
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metal. When basic alloys are available to him, 
it often simplifies the work involved in producing 
a particular casting alloy. 

Among the ferroalloys that are available at 
most Navy foundries are ferrochromium, ferro- 
manganese, ferromolybdenum, ferrophosphorus, 
and ferrosilicon, Special steels of low carbon 
content call for the use of ferrochromium; 
medium-carbon ferromanganese is also used in 
the manufacture of steels, and the low-carbon 
grade is used in high-grade aluminum and non- 
ferrous castings. When thin sections of gray iron 
castings must be poured, ferrophosphorus is 
used to increase the phosphorus content, Ferro- 
silicon can be used as a deoxidizing agent. 


FERROUS METALS 
AND ALLOYS 


IRON may be supplied to the foundry in the 
form of pig iron, ingots, or wrought iron. Pig 
iron, which is about 93 percent iron, З to65 
percent carbon, and has varying amounts of 
other elements. Its low tensile strength and its 
brittleness limit its uses. 

Ingot iron is 99.9 percent pure iron. It 
derives its name from the fact that it is cast 
into ingots, which are later rolled into sheets 
and sheared to desired sizes. Molders use 2-in. 
squares of ingot iron, about 3/16 inch thick, to 
produce low-carbon steel castings. 

In chemical composition, structure, andprop- 
erties, ingot iron is practically the same as 
dead soft steel; actually, the lowest-carbon steel 
has a carbon content only 0.06 percent higher 
than the carbon content of ingot iron. But whereas 
in steel the carbon content is considered an 
alloying element, in ingot iron it is considered 
an impurity. 

Wrought iron is manufactured by a puddling, 
squeezing, and rolling process that introduces 
slag into the iron, This is the explanation of the 
fibrous internal structure that gives wrought 
iron its workability and its resistance to cor- 
rosion, The chemical analysis of wrought iron 
shows that it has about the same elements as 
are found in mild steel; but the properties of 
these two metals differ because of differences 
in the manufacturing processes. 


Steel 


Cast steel is a steel with varying amounts 
of carbon, manganese, silicon, phosphorus, and 
sulphur, Small amounts of phosphorus and sul- 
phur are present as impurities. In addition, added 
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18.118(102B) 
Table 11-1.— Symbols of Various Elements, and Data Concerning Specific Gravity, Density, Melting 
Point and Boiling Point 








Element Symbol ee (be, pet Point ш 
cubic inch) (CF) 

Aluminum A1 2.7 0.0975 1220 4442 
Antimony Sb 6.6 0.239 1166 2616 
Beryllium Be 1.8 0.0658 2336 + 70 5020 
Bismuth Bi 9.75 0.354 518 2840 
Cadmium Cd 8.7 0.313 610 1409 
Carbon C 2.2 0.0802 6700 +180 8730 
Chromium Cr 7.2 0.260 3430 + 20 4829 
Cobalt Co 8.9 0.320 2723 5252 
Copper Cu 9.0 0.324 1981 4703 
Iron Fe 7.9 0.284 2802 0430 
Lead Pb 11.4 0.4107 621 3137 
Magnesium Mg 1.7 : 0.0628 1202 2017 
Manganese Mn 7.4 0.268 2211 + 20 3900 
Molybdenum Mo 10.2 0.369 4829 t 90 10040 
Nickel Ni 8.9 0.322 2651 4950 
Phosphorus P 1.8 0.0658 111 526 
Silicon Si 2.3 0.0842 2605 +35 4860 
Sulfur S 2.1 0.0748 246 832 
Tin Sn 7.3 0.2637 449 4120 
Titanium Ti 4.5 0.164 3020 t 180 5900 
Tungsten W 19.3 0.697 6119 + 35 10706 
Vanadium V 6.0 0.217 3110 + 90 6150 
Zinc Zn 7.1 0.258 787 1664 
Water Н.О 1.0 0.0361 
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amounts of other elements may or may not be 
added intentionally. Steel generally used aboard 
ships can be divided into three general classes: 
(1) unalloyed cast steels, (2) low-alloyed- cast 
steels, and (3) high-alloyed cast steels. 
Unalloyed cast steel is a carbon steel some- 
times referred to as plain carbon steel in which 
carbon is the principal alloying element, Car- 
bon steel castings also contain manganese, sili- 
con, and strong deoxidizers such as aluminum 
and titanium. Aluminum and titanium are added 
only in sufficient amounts to ensure deoxidation. 
Manganese is used to prevent the hot-short 
effect of sulfur. Unalloyed carbon steel then 
can be defined as a steel that contains only those 
elements that are usually present in steel in 
proportions no greater than customary. The 
normal ranges of maximum elements found in 
unalloyed carbon-steel casting are as follows: 


Element 

Carbon. . .. eses . . 0.05 to about 1.70 
Manganese. ........ 0.50 to 1.00 
Silicon. ee e ee e e . e . 0.20 to 0.75 
Phosphorus ....... . 0.05 maximum 
Sulfur ......... . . 0.06 maximum 
Aluminum . . . . . . . . . 0.00 to 0.10 


Unalloyed cast steels can be further sub- 
divided into low-, medium-, and high-carbon 
steels, Low-carbon, unalloyed cast steel contains 
less than 0.20 percent carbon; medium-carbon, 
unalloyed cast steel contains from 0.20 to 0,50 
percent carbon; and the high-carbon, unalloyed 
cast steel has more than 0.50 percent carbon. 
Of all the unalloyed carbon steels, Grade B 
medium-carbon steel is the most commonly used, 
It has medium tensile strength and is easily 
machined, Grade B steel is used as a general 
purpose steel wherever cast steel is required or 
permitted, particularly where resistance to vi- 
bration or shock is necessary. However, Grade 
B steel castings are not satisfactory for temper- 
atures exceeding 650°F. Typical applications for 
Grade B steel castings are bedplates for motors, 
turbine casings, drums for hoists, foundations, 
pipe fittings, struts for shafting, and safety 
valves. 

Low-alloyed steels contain either unusually 
large amounts of the common elements or fairly 
large amounts of special elements. The total 
content of special materials added to make low- 
alloy steels is usually less than 8 percent. These 
changes from the composition of plain carbon 
steel are made to obtain special properties 


(usually for higher strength). In the low-alloy 
Steels, manganese may be used up to 3,00 per- 
cent, silicon up to 2.75 percent, and varying 
amounts of copper, nickel molybdenum, and 
chromium, 

High-alloyed steel contains 8 percent or more 
special alloying elements. Steels in this class 
are used where high resistance to chemical 
or salt-water corrosion or good strength at 
high temperatures is necessary. A typical cor- 
rosion-resistant steel has a low carbon content 
and additions of 18 percent chromium and 8 
percent nickel. This steel is commonly called 
18-8 stainless steel. The alloying elements are 
added to obtain particular properties which vary 
with the element added, the amount of the ele- 
ment, and combinations of several elements. 


Cast Iron 


Cast iron is predominantly an alloy of iron 
and carbon in which the iron contains so much 
carbon that the metal is not malleable at any 
temperature in the cast condition. Total carbon 
content in cast iron ranges from 1.7 to 4.5 per- 
cent. Navy grades; however, usually range from 
2,6 to 3.35 percent carbon depending upon the 
casting’s purpose. About 0.60 to 0.75 percent 
of this is combined carbon, the remainder being 
graphite, In addition to carbon, there is anim- 
portant percentage of silicon (1.25 to 2.2 per- 
cent) and for special purposes copper, nickel, 
or chromium, About 0.80 percent manganese is 
also present in Navy-grades of cast iron. 


Many cast irons are inoculated with ferro- 
silicon, ferromanganese, ferronickel, or graph- 
ite. Inoculation is a process in which an addition 
is made to molten cast iron for the purpose of 
altering or modifying the size, shape, and amount 
of the graphite particles in the iron, thereby 
controling the mechanical and physical prop- 
erties to a degree not obtainable by simple 
melting and pouring. 

From the previous information, it is apparent 
that the only ''pure'' or unalloyed ferrous metal 
is ingot iron. However, this pure, ferrous mate- 
rial is seldom used in the Navy foundry. The 
ferrous foundry materials you will most fre- 
quently use are pig iron, scrap steel, and a 
group of alloys known as FERROALLOYS. In 
this latter group of metallic materials, certain 
elements used in the production of cast irons 
and steels are already combined with a certain 
percentage of iron. One kind of ferrosilicon 
(FeSi), for example, contains approximately 50 
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егсепі silicon and 50 percent iron, plus traces 
f carbon, phosphorus, and sulfur. 

Samples of the common ferroalloys are shown 
n figure 11-1. The uses of these materials in 
he production of iron and steels are indicated 
n table 11-2. 


NONFERROUS METALS 
AND ALLOYS 


Recent trends in the Navy call for an in- 
'reasing use of copper-base, aluminum-base, 
uid other nonferrous alloys. The most important 
f the nonferrous metals used aboard ship, and 
he special properties of each type of metal, 
ire briefly summarized in this section. 

COPPER is used in the foundry in the form 
Í 20-1b ingots. Ingot copper is 99.95 percent 
ure copper, and is easy to work, It becomes 
ага when worked, but if necessary, it can be 
softened again by heating to cherry red and then 
'Ooling. Copper has two outstanding properties: 
t is an excellent conductor of electricity, and 
t has a high degree of resistance to salt water 
'Orrosion, 

ZINC is used in the foundry chiefly as an 
ulloying element in making brass or bronze. In 
ts unalloyed form, its chief use is as zinc plates 
or protectors, used to prevent corrosion of the 
steel hull, or of bronze bearings, shafts, or 
ropellers, 

When you break up slabs of zinc, to use it as 
in alloying element, you will be able to see the 
arge crystalline grain of its internal structure. 

LEAD wil probably be the heaviest metal 
тоц will handle, In the foundry, lead is usually 
n the form of 80- to 100-lb pigs. Normally, 
ts surface is rather grayish; however, when 
scratched or scraped, the surface is silvery 
ind crystalline, Lead is sometimes used in the 
manufacture of bearing metals and high-lead, 
ronze alloys. Also, when alloyed with various 
roportions of tin, common soft solders are 
ormed, 

TIN is a white, lustrous metal, having a 
aint blue tinge. It is seldom used except as an 
Шоуіпр element, in which capacity it has many 
mportant uses. The most important use of tin 
s in the production of bronzes and antifriction 
jearing metals. In this latter application, the 
in content is often as much as 89 percent, For 
oundry use, tin is supplied in the form of pigs. 

NICKEL is a white metal, commercially used 
n its pure form, but in the Navy it is used only 
is an alloying element. As an element in ferrous 
netals, it increases strength, machineability, 


and corrosion resistance. Used with copper in 
nonferrous alloys, it provides great strength, 
and excellent resistance to corrosion. Copper- 
nickel alloy containing 70 percent copper and 30 
percent nickel is highly resistant to the chemical 
action of salt water. It is now used extensively 
aboard Navy ships for salt water piping. In 
sheet form it is used for small storage tanks 
and hot water reservoirs. 

Nickel-copper alloy is frequently known as 
MONEL, This alloy contains from 60 to 68 
percent nickel, about 30 percent copper, and 
small amounts of iron, manganese, and cobalt. 
It resembles stainless steel, both in appearance 
and in many of its qualities. Monel has unusually 
high corrosion-resistant properties; for this 
reason it is used in pump parts, turbine blades, 
cast valves, and other fittings that must resist 
corrosion. 

MANGANESE in its pure state is stable in 
dry air, but is readily corroded when attached 
by dilute acids. Your experience with it will be 
chiefly when it is used as an alloying element. 

Bronze aluminum manganese is an alloy of 
relatively high tensile strength and has a high 
degree of resistance to salt water corrosion, It 
is used for engine framing, propeller blades, 
gears, worm wheels, and similar applications 
where strength and corrosion resistance are 
required, 

ANTIMONY is another silvery-white metal, 
but distinguishable from magnesium because of 
its much greater weight. Like zinc, antimony 
is brittle and easily fractured. Its property of 
expanding slightly when it solidifies makes ita 
valuable compound in such alloys as type metal. 

You will make use of antimony as an alloying 
element in bearing alloys and babbitts, but you 
will find that it has a detrimental effect upon 
brass, bronze, and aluminum alloys, Exercise 
care when working with this metal, for all its 
compounds, including its fumes, are poisonous. 

ALUMINUM is a metal that is being increas- 
ingly used aboard ship, because of its light 
weight, easy workability, good appearance, and 
other desirable qualities. In its pure form, 
aluminum is corrosion-resistant, but it has only 
about one-fourth the strength of steel. It is 
therefore seldom used in its unalloyed form. 

MAGNESIUM is a lightweight, silvery-white 
metal, chiefly used by Navy Molders as an 
alloying element in aluminum alloys, It is also 
used as a deoxidizing agent in the manufacture 
of monel. It is available in ingot form, but 
more frequently comes in the form of sticks 
about 1 inch in diameter and 12 inches long, 
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FERROSILICON FERROTUNGSTEN 
Silicon 50% Iron 50% Tungsten 80% Iron 20% 









F ERROMANGANESE FERROVANADIUM 
Manganese 80% iron 20% Vanadium 36% Iron 6496 





NICKEL SHOT FERROMOLYBDENUM 
Nickel 99% Molybdenum 60% Iron 40% 





FERROCHROME WASHED METAL 
Chromium 70% Iron 30% Carbon 3.5% 


Am 


COBALT PELLETS 
100% Cobalt 


102.89 
Figure 11-1.— Ferroalloys used in the foundry. 


221 


MOLDER 3 & 2 





Material 


Aluminum 


Aluminum Alloy 


Antifriction Metal 


Antimony 


Bronze (Navy M) 


Bronze 


(Manganese) 


Copper 


Copper (Phosphor) 


Ferrochromium 


Ferromanganese 


Specifi- 
cation 


QQ-T-390 


MIL-S-893 


MIL-B- 
16541 


QQ-C-390 


` QQ-C-521 


QQ-C-571 


QQ-F-145 





Grade or 
Class 


Form 


Ingot 


Ingot 


Ingot 


Ingot or 
Slab 


Ingot 


Ingot 


Ingot or 
Pig 


Shot 


Lump 


Lump 
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102.126.1 
Table 11-2. — The Form and Use of Metals for Founding. 


Commercial 


10-pound 


10-pound 


43-pound 


20-pound 


20-pound 


20-pound 


1/2'-mesh 


Commercial 


Commercial 


Use 


Metal suitable for making 
aluminum castings and, 
with suitable alloy addi- 
tions, as a base for 
various aluminum alloys; 
also for making alumi- 
num additions in the 
manufacture of aluminum 
bronze and other alloys. 


In manufacture of alumi- 
num alloy castings. 


A hard, ductile, babbitt 
metal for all bearings 
where high-grade, white 
metal alloy is required. 


Primarily in manufacture 
of antifriction metal 
(babbitt). 


In manufacture of valve- 
bronze castings. 


In manufacture of 
manganese-bronze cast- 


ings. 


"Prime electrolytic" 
copper. For the manu- 
facture of high-grade 
bronzes and brasses. 


For deoxidizing bronzes. 


In the manufacture of 
special steels and alloys 
requiring low carbon 
content. (Low carbon, 
0.10% max.) 


Low carbon and low iron. 
In manufacture of high- 
grade aluminum and 
nonferrous castings. 
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Table 11-2.— The Form and Use of Metals for Founding — continued 


Material peo 
cation 
Ferromanganese 
Ferromanganese 
Ferromolybdenum 
Ferrophosphorus MIL-P- 
00002 
Ferrosilicon QQ-S-351 
Ferrosilicon QQ-S-351 
Ferrotitanium 
Foundry Iron QQ-I-676 
Lead QQ-L-171 
Magnesium 





Grade or 
Class 


B 


Form 


Lump 


Lump 


Lump 


Screened 


screened 


Lump 


Screened 


Pig 


Pig 


Stick 
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Commercial 


Commercial 


1-inch or 20- 
mesh 


10-mesh 


20-mesh 


Commercial 


20-mesh 


50-pound 


80- to 110- 
pound 


12" length, 
1.3'' diameter 


Use 


High carbon, commer- 
cially called standard 
ferromanganese. In 
manufacture of cast 
irons and steels. 


1.50% max. carbon, com- 
mercially called 
medium-carbon ferro- 
manganese, In manufac- 
ture of steels. 


In manufacture of many 
iron and steel alloys. 
(Low carbon:) 


To increase the phos- 
phorus content of gray 
iron, where necessary 
to pour thin sections. 


For deoxidization, and 
alloy additions in manu- 
facture of ferrous alloy 
castings. 


For deoxidization, and 
alloy additions in manu- 
facture of ferrous alloy 
castings. 


As a scavenger to remove 
oxygen and nitrogen in 
manufacture of steels. 


For general casting 
purposes when low- 
phosphorus content is 
not essential (0.3 phos. 
max.). 


99.900 minimum lead for 
the manufacture of 
foundry alloys. 


For alloying and de- 
oxidizing. (12 inch 
length.) 


MOLDER 3 & 2 





102.126.3 


Table 11-2.— The Form and Use of Metals for Founding — continued 


Specifi- 


Material COUR 


Nickel-Copper 
Alloy 


QQ-N -288 


Nickel QQ-N-301 B 
Nickel QQ-N-301 B 
Tin QQ-T-371 A 
Zinc QQ-Z -351 A 





With the addition of silicon, copper, mag- 
nesium, nickel, iron, and manganese, in speci- 
fied proportions, it is possible to produce alum- 
inum alloys that are stronger than mild steel. 
Most of these alloys, however, contain at least 
90 percent aluminum; some wrought aluminum 
is of 99.0 percent purity. These alloys are not 
nearly as corrosion-resistant as the pure alum- 
inum, and will soon corrode unless properly 
protected. 

There are now so many different aluminum 
alloys that they are designated by numbers. 
Each identifying number consists of 4 digits. 
A letter prefixed to a 4-digit designator indi- 
cates an experimental alloy; a suffix consisting 
of the letter T, or T and a digit, indicates 
heat treatment; a letter B at the end of a desig- 


Grade or 
LAESENN 





nator indicates that the metal is a casting alloy. 


In a 4-digit designator for a wrought alum- 
inum or a wrought aluminum alloy, the first 
digit indicates the major alloying element. The 
elements have been assigned numbers as fol- 
lows: 


Copper... 
Manganese. 
Nickel... 
Magnesium 


wv 9 oe ө 
о e ө e 
e о ө e 
e oe ө e 
e о oe e 
о 9 e e 
> К © ọọ ө 
o> Кө 9 ө 
e ө e Ф 
сл 5 cC t 


230 


In manufacture of nickel- 
copper alloy (Monel) 
castings covered by 
Spec. N: 46-M-1. 

Commercial For alloying purposes. 

8- to 10- 
mesh 


For alloying purposes. 


Commercial In manufacture of foundry 


alloys. (99.85% min. tin.) 


60-pound 


In manufacture of high- 
grade nonferrous alloys. 


ӨШ СОЙ i. dou XLV 
ZINC ,.45 0.3 


е e e e e e e ө e e 6 

е Ф Ф ө e Ф e ө e . e LÀ e. e e " 

If the first digit is 1, the metal is 99.0 percent 
(or more) pure aluminum. 


When a wrought aluminum designator begins 
with 1, the last two numbers indicate the percent 
of aluminum in excess of 99 percent. Thus, 
1085 indicates that the metal is 99.85 percent 
pure aluminum, The second number in the desig- 
nator indicates special control of one or more 
impurities, The zero in second position (as in 
1085) indicates no special control. In the desig- 
nators used for the aluminum alloys, the last 
two digits are the number used to designate 
that alloy under the system formerly used. 


ANTIFRICTION METAL is the standard Navy 
white-metal babbitting material. This tin-base 
bearing alloy is supplied in 10-pound ingots. 
It is made available in the alloyed form to 
ensure that when the Molder pours these bear- 
ings, his production will possess consistently 
good properties, and there will be & minimum 
of variation between bearings. 


COPPER-BASE ALLOY ingots, such as gun 
metal or valve bronze, are usedin Navy foundries 
for remelting purposes. One type of bronze 
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is used for general-purpose castings, where 
these castings are not subjected to high stresses 
nor to temperatures above 425°F. Since this 
type of bronze is corrosion resistant, it is fre- 
quently employed for making hose couplings, 
and low and medium pressure valves. The second 
type is & manganese bronze that produces cast- 
ings having a high tensile strength and excellent 
resistance to salt water corrosion. This is the 
type of bronze used for propellers, hubs, and 
worm wheels, 


PHOSPHOR-COPPER ALLOY is used exclu- 
sively in the production of bronzes. The high 
phosphorus content (14 percent) of this material 
serves as a deoxidizing agent. Although phosphor- 
copper is also available in 15- to 20-pound slabs 
and ingots, it is usually supplied in the form of 
1/2-inch diameter shot, 


IDENTIFICATION OF METALS 


Some metals can be identified by the experi- 
enced Molder by color, weight, and surface 
appearance. For example, it is a relatively 
simple matter to distinguish between copper 
and iron, or between aluminum and lead. In 
other cases— and this is particularly true of 
cast steel, structural steel, and tool steel— the 
metals look and feel alike, and have about the 
same weight, but there are significant differ- 
ences between them. 


Jt is important, therefore, that you know the 
simple and practical methods ordinarily em- 
ployed for identifying the common metals and 
alloys used in foundry work. These identification 
tests are surface appearance, chip test, spark 
test, hardness test, and acid test. 


SURFACE APPEARANCE 


The simplest method of identification, of 
course, is based on the metal's exterior appear- 
ance, Table 11-3 indicates the surface color 
of the more common metals. Study the chart and 
learn the colors of known samples of metals 
under the conditions indicated. Appearance is 
helpful but often inadequate for positive identi- 
fication. 


Even when color is no help in distinguishing 
one metal from another, you may be able to 
observe distinctive marks on the metal surfaces, 
left there by the manufacturing processes, Cast 
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and malleable iron usually show evidence of the 
sand mold; low carbon steel often shows forging 
marks; high carbon steel may showeither forging 
or rolling marks, 

The feel of the surface may provide you with 
another clue. Stainless steel is slightly rough 
in the unfinished state, but the unfinished sur- 
faces of wrought iron, copper, brass, bronze, 
nickel, and Monel are smooth. Lead also is 
smooth, but has a velvety appearance. 


Outside appearance will help you to roughly 
classify a metal, but a newly fractured or a 
freshly filed surface will offer you additional 
clues, 


CHIP TEST 


To make a chip test, you use a sharp, cold 
chisel to remove a small amount of metal from 
a sample. The ease with which the chipping can 
be done gives some indication of the kind of 
metal you are working with. The size, form, 
and color of the chips and the appearance of 
the edges (whether smooth or sawtoothed) give 
further clues, 


You will not be able to identify metals by 
the chip test method until you have had con- 
siderable experience. You should practice with 
samples of known metals until you have learned 
how to identify carbon steel, carbon-molybdenum 
steel, chromium-molybdenum steel, chromium- 
nickel steel, and other metals. The information 
given in table 11-4 will help you to recognize 
some of the more common metals. 


SPARK TEST 


The spark test is made by holding a sample 
of the material against a power grinder. The 
Sparks given off, or the lack of sparks, assist 
in identifying the metal. The length of the spark 
Stream, its color, and the type of sparks are 
the features for which you should look, There 
are four fundamental spark forms produced 
by holding a sample of metal against a power 
grinder (see fig. 11-2). A shows shafts, bud, 
break, and arrow. The arrow or spearhead is 
characteristic of molybdenum, an alloying ele- 
ment in steel. When swelling or buds are present 
in the spark line, nickel is also present as an 
alloying element with molybdenum, B shows 
shafts and sprigs or sparklers which indicate a 
high carbon content. C shows shafts, forks, and 
sprigs which indicate a medium carbon content. 
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Metals 


te cast iron 


.y cast iron 


lleable iron 


)ught iron 


v carbon and cast 


eel 


h carbon steel 


inless steel 


рег 


55 and bronze 


minum 


nel metal 


kel 





hows shafts and forks which indicate a low 
oon content. 
The greater the amount of carbon present in 
teel, the greater the intensity of bursting 

will take place in the spark stream. To 
orstand the cause of the bursts, remember 

while the spark is glowing and in contact 
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Table 11-3. — Identification of Metals by Surface Appearance 


Color and structure of 
newly fractured 


Color of unfinished, 


unbroken surface 

















surface 
dull gray silvery white; 
crystalline 
dull gray | dark gray; crystalline 
dull gray dark gray; finely | 
crystalline 
light gray bright gray 
dark gray bright gray 
dark gray light gray 
dark gray medium gray 








reddish brown to bright red 


green 














reddish yellow, red to yellow 
yellow green, or 


brown 














white; finely 
crystalline 


light gray 













dark gray light gray 







dark gray off-white 






white to gray light gray; crystalline 





Color of freshly 
filed surface 


silvery white 


light silvery 
gray 


light silvery 
gray 


light silvery 
gray 


bright silvery 
gray 


bright silvery 
gray 


bright silvery 
gray 


bright copper 
color 


reddish yellow 
to yellowish 
white 


white 


light gray 


bright silvery 
white 


white 


with the oxygen of the air, the carbon present 


in the particle is burned to carbon dioxide 
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(СОг). As the solid carbon combines with oxygen 
to form СО» in the gaseous state, the increase 
in volume builds up a pressure that is relieved 
by an explosion of the particle, An examination 
of the small steel particles under & microscope 
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Table 11-4, — Identification of Metals by Chip Test 


Metals 


White cast iron 


Gray cast ігоп 


Ch 


Chips are small, brittle fragments. 


ip Characteristics 


Chipped surfaces not smooth. 


Chips are about 1/8 inch in length. Metal not easily chipped; therefore, 


chips break off and prevent smooth cut. 


Malleable iron 
iron). 


Wrought iron 


Chips have smooth edges. 


Chips are from 1/4 to 3/8 inch in length (larger than chips from cast 
Metal is tough and hard to chip. 


Metal is easily cut or chipped, and a chip 


can be made as a continuous strip. 


Low carbon and cast 
steel 


High carbon steel 
continuous strip. 


Copper 


Brass and bronze 
not easily cut. 


Aluminum and 


aluminum alloys uous strip. 


Monel Chips have smooth edges. 
easily. 

Nickel Chips have smooth edges. 
easily. 

Lead 


Chips have smooth edges. 
can be taken off as a continuous strip. 


Chips show a fine grain structure. 
than chips of low carbon steel. 

Chips are smooth, with sawtooth edges where cut. 
A chip can be cut as a continuous strip. 

Chips are smooth, with sawtooth edges. 


but chips are more brittle than chips of copper. 


Chips are smooth, with sawtooth edges. 


Metal is easily cut or chipped, anda chip 


Edges of chips are lighter in color 
Metal is hard, but can be chipped ina 


Metal is easily cut. 


These metals are easily cut, 
Continuous strip is 


A chip can be cut as a contin- 
Continuous strip can be cut. 


Metal chips 


Continuous strip can be cut. Metal chips 


Chips of any shape may be obtained because the metal is so soft that it 
can be cut with a knife. 





when they are cold reveals a hollow sphere with 
one end completely blown away. 


Steels having the same carbon content but 
differing alloying elements are not always easily 
identified because alloying elements affect the 
carrier lines, the bursts, or the forms of char- 
acteristic bursts in the spark picture, The effect 
of the alloying element may retard or acceler- 
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ate the carbon spark, or make the carrier line 
lighter or darker in color. Molybdenum, for 
example, appears as a detached, orange-colored, 
spearhead on the end of the carrier line. Nickel 
seems to suppress the effect of the carbon 
burst. However, the nickel spark can be iden- 
tified by tiny blocks of brillant white light. 
Silicon suppresses the carbon burst even more 
than nickel. When silicon is present, the carrier 


MOLDER 


3 & 2 





т -7 

7 WY TO 

aho 2, IT 

h v, s 

A hh € 
PA 

2; 


p^ ?. 4 рагу 
N/ 1; 26) 


(Ж 


2 


= кз. 
2 
7, 
к> 2 
=2 т 


Р 
2 Ay? n A 
20, ЛАЎ | 
С 2 ЛИГИ Ве 
ОАА 
Zz fb i ht 
77 7’ 
Жо," 





11.371.1X 
Figure 11-2. — Fundamental spark forms. 


1e usually ends abruptly in a white flash of 
"ht, 

To make the spark test, hold the piece of 
etal on the wheel in such a manner as to throw 
e spark stream about 12 inches at a right angle 

your line of vision. You will need to spend a 
tle time to discover at just what pressure you 
ust hold the sample to get a stream of this 
ngth without reducing the speed of the grinder, 

is important that you do not press to hard 
cause the pressure will increase the temper- 
ure of the spark stream and the burst, It will 
so give the appearance of a higher carbon 
ntent than that of the metal actually being 
sted. After practicing to get the feel of correct 
essure on the wheel until you're sure you 
ve it, select a couple of samples of metal with 
dely varying characteristics; for example, low 
rbon steel and high carbon steel. Hold first one 
эп the other against the wheel, always being 
reful to strike the same portion of the wheel 
th each piece. With the eyes focused at a point 
out one-third of the distance from the tail end 
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of the stream of sparks, watching only those 
sparks which cross the line of vision, you will 
find that after a little while you will form a 
mental image of the individual spark. After you 
can fix the spark image in mind, you are ready 
to examine the whole spark picture. 

Notice that the spark stream is long (about 
70 inches normally) and that the volume is mod- 
erately large in low carbon steel, while in high 
carbon steel the stream is shorter (about 55 
inches) and large in volume, The few sparklers 
which may occur at any place in low carbon 
steel are forked, while in high carbon steel the 
Sparklers are small and repeating and some of 
the shafts may be forked. Both will produce a 
white spark stream. 

White cast iron produces a spark stream ap- 
proximately 20 inches in length (see fig. 11-3). 
The volume of sparks is small with many small 
and repeating sparklers, The color of the, spark 
stream close to the wheel is red, while the outer 
end of the stream is straw colored. 

Gray cast iron produces a stream of sparks 
about 25 inches in length. It is small in volume 
with fewer sparklers than white cast iron. The 
sparklers are small and repeating. Part of the 
stream near the grinding wheel is red, and the 
outer end of the stream is straw colored. 

The malleable iron spark test will produce 
a Spark stream about 30 inches in length, It is 
of a moderate volume with many small, re- 
peating sparklers toward the end of the stream. 
The entire stream is straw colored. 

The wrought iron spark test produces a 
spark stream about 65 inches in length. The 
stream is of large volume with few sparklers. 
The sparklers show up toward the end of the 
stream and are forked. The stream next to the 
grinding wheel is straw colored, while the outer 
end of the stream is a bright red. 


Stainless steel produces a spark stream ap- 
proximately 50 inches in length, of moderate 
volume, with few sparklers. The sparklers are 
forked. The stream next to the wheel is straw 
colored, while at the end it is white, 

Nickel produces a spark stream only about 
10 inches in length. It is small in volume and 
orange in color. The sparks form wavy streaks 
with no sparklers, 


Monel metal forms a spark stream almost 
identical to that of nickel, and must be iden- 
tified by other means. Copper, brass, bronze, 
and lead form no sparks on the grinding wheel, 
but they are easily identified by other means, 
such as color, appearance, and chip tests. 
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Figure 11-3,— Spark pictures formed by common metals. 


You will find the spark tests easy and con- 
venient to make. They require no special equip- 
ment and are adaptable to most any situation. 
Here again, experience is the best teacher. 


It is a good practice to compare the sparks 
of an unknown metal with those of a known metal. 
This permits an additional check on the Molder's 
conclusion and also can distinguish between dif- 
ferent materials which have similar spark pat- 
terns. It is the practice in many foundries to 
maintain a cabinet of commonly used metals and 
scrap, positively identified as to grade, for 
comparison with unknown samples. 


Proper lighting conditions are essential for 
good spark testing practice. Testing should not 
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be done in strong direct lighting and adark back- 
ground for the spark pattern should be used, 
Heavy drafts of air against the spark pattern 
should be avoided as the air can change the tail 
sparks; such a change will lead to incorrect 
identification, 


HARDNESS TESTS 


Metals vary in their hardness — that is, their 
ability to resist penetration. This difference in 
hardness can be used for identification purposes. 
However, it has not been included in the fore- 
going section, because hardness tests are much 
more frequently employed to determine hard- 
ness after the properties of a metal or an alloy 
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have been modified by some type of heat treat- 
ment. 

There are two methods of determining hard- 
ness that the Molder Third Class or Second Class 
must be ready to employ; one method is the 
file test, the other is a machine or instrument 
test, File testing is not an exact method, but 
depends upon experience and judgment. Much 
greater accuracy is obtained by using a hard- 
ness testing machine, For many purposes, how- 
ever, the file test is adequate. 


File Test 


Take an ordinary mill file, and rub its teeth 
slowly over the metal surface to be tested. 
Maintain a firm hold on both the file and test 
piece, but do not use excessive pressure, and 
remove the file as soon as it bitesinto the metal. 
If the file bites into the metal easily, you know 
that the metal is soft. If the file slides over the 
metal surface, and produces no filings, or pro- 
duces them with difficulty, you know that the 
metal is very hard. Intermediate hardnesses 
lie between these two extremes. 

The file test is useful in testing the hardness 
inside of holes, in the bottoms of grooves, and 
on odd-shaped pieces that are inaccessible to 
machines, There will be times, too, when you 
will have to use the file test because no hard- 
nessS-testing machine is available. 

You can gain experience in the use of the file 
test by experimenting with a file on MASTER 
TEST BLOCKS. These blocks are pieces of metal 
whose exact hardness is known, and you can 
train yourself to recognize different hardness 
values by working with these blocks. You can 
also compare the action of the file on the 
metal you are testing with the action of the file 
on a master block, to determine which block 
compares most closely with the metal being 
tested. 

Speed, pressure, and the angle at which the 
file is held are factors in an accurate determina- 
tion of hardness, Tests must be made atthe same 


speed and pressure, if results are to be com- 


parable. To ensure that tests are made at the 
same angle, use a vise for clamping the metal 
in position, Speed is really the dominant factor; 
too high a speed, by wearing the surfaces of file 
and metal, gives an impression of greater soft- 
ness than is actually the case. A high speed 
combined with light pressure wears a surface 
more rapidly than low speed and heavy pressure. 
High speed and heavy pressure, of course, 
produces the greatest wear, You will find that 


the slower the speed of your stroke, the more 
accurate will be the results of the test. 


Instrument Test 


Hardness may be measured by many types of 
instruments, The most common are the Rockwell 
and the Brinell hardness testers. Other hardness 
tests include the Vickers, Eberbach, Monotron, 
Tukon, and Scleroscope. Since there are many 
tests, and since the hardness numbers derived 
are not equivalent, it is essential that the hard- 
ness number be designated according to the 
test and the scale employed in the test. Since 
you are more likely to have access to a Rockwell 
tester than any other, this method is discussed 
in detail. The essential differences between the 
Rockwell and Brinell tests will also be discussed 
in the sections which follow, In addition, the 
Scleroscope and Vickers hardness tests will be 
covered briefly. 

Of all the hardness tests, the ROCKWELL 
HARDNESS TEST is the one most frequently 
mentioned, The basic principle of the Rockwell 
test (like that of the Brinell, Vickers, Eberbach, 
Tukon, and Monotron tests) is that a hard mate- 
rial will penetrate a softer one. This test oper- 
ates on the principle of measuring the indentation, 
in a test piece of metal, made by a ball or cone 
of a specified size which is being forced against 
the test piece of metal with specified pressure, 
In the Rockwell tester shown in figure 11-4, the 
hardness number is obtained by measuring the 
depression made by a hardened steel ball or a 
spheroconical diamond penetrator of a given 
Size under a given pressure. 

With the normal Rockwell tester shown, the 
120? spheroconical penetrator is used in con- 
junction with a 150-kilogram (kg.) weight to make 
impressions in hard metals. The hardness num- 
ber obtained is designated Rockwell C (Rc). 
For softer metals, the penetrator is a 1/16-inch 


steel ball in conjunction with a 100-kilogram 


weight. A hardness number obtained under these 
conditions is designated Rockwell B (Rb). Figure 
11-5 illustrates the principle of indenter hard- 
ness tests. Although the conical penetrator is 
shown, the principle is the same for a ball 
penetrator. (The geometry of the indentions 
would, of course, differ slightly.) 

With the Rockwell tester, a deadweight, act- 
ing through a series of levers, is used to press 
the ball or cone into the surface of the metal 
to be tested. Then the depth of penetration is 
measured. The softer the metal being tested, 
the deeper the penetration will be under a 


236 


Chapter 11— METALS AND ALLOYS 





SMALL WEIGHTS 


POINTER | 






HARDNESS 
DIAL 


LONG 
NEEDLE 


INDENTER 


o 


ELEVATING 
WHEEL 





KNURL ED 
ZERO 
ADJUSTER 
N 
DEPRESSOR MAJOR LOAD 
BAR LIFTING CRANK HANDLE 


|  102,90(126B)X 
Figure 11-4.— Standard Rockwell hardness test- 
ing machine. 


given load. Tie average depth of penetration 
on samples oi very soft steel is only about 
0.008 inch. The hardness is indicated on a 
dial, calibrated in the Rockwell B and the Rock- 
well C hardness scales. The harder the metal, 
the higher the Rockwell number will be. Ferrous 
metals are usually tested with the spheroconical 
penetrator, with hardness numbers being read 
from the Rocnwell C scale. The steel ball is 
used for nonferrous metals and the results are 
read on the B scale. 

With most indenter-type hardness tests, the 
metal being tested must be sufficiently thick 
to avoid bulging or marking the opposite side. 
The specimen thickness should be at least 10 
times the depth ої penetration, It is also essential 
that the surface of the specimen be flat and 
Clean, When hardness tests are necessary on 
thin material, a superficial Rockwell tester 
Should be employed. 


The Rockwell superficial tester differs from 
the normal Rockwell tester in the amount of 
load applied to perform the test, and in the kind 
of scale used to interpret the results. Where 
the major loads on the normal tester are 100 
and 150 kilograms, the major loads on the super- 
ficial tester are 15, 30, and 45 kilograms. One 
division on the dial gage of the normal tester 
represents a vertical displacement of the in- 
denter of 0,002 millimeter. One division of the 
dial gage of the superficial tester represents 
a vertical displacement of the indenter of 0.001 
millimeter. Hardness scales for the Rockwell 
superficial tester are the N and T scales. The 
N scale is used for materials of such hardness 
that, were they of sufficient thickness, they 
would be tested with the normal tester using 
the C scale. The T scale is comparable to the 
B scale used with the normal tester. In other 
respects the normal and superficial Rockwell 
testers are much alike. 

Assuming the sample is properly prepared 
and the appropriate penetrator and weights are 
selected, the following step-by-step procedure 
will indicate how a Rockwell tester is used: 


1. Place the piece to be tested on the testing 
table, or anvil. 

2. Turn the wheel elevating the testing table 
until the piece to be tested comes in contact 
with the testing cone or ball. Continue to turn 
the elevating wheel until the small pointer on 
the Rockwell hardness indicating gage is nearly 
vertical and slightly to the right of the dot. (See 
fig. 11-6.) 

3. Watch the long pointer on the gage, con- 
tinue raising the work with the elevating wheel 
until the long pointer is nearly upright within 
approximately five divisions, plus or minus, 
on the scale. This step of the procedure sets 
the minor load. 

4, Turn the zero adjuster, located below 
the elevating wheel, to set the dial zero behind 
the pointer. 

5. Tap the depressor bar downward to re- 
lease the weights and apply the major load. 
Watch the pointer until it comes to rest. 

6. Turn the crank handle upward and for- 
ward, thereby removing the major but not the 
minor load. This will leave the penetrator in 
contact with the specimen but not under pres- 
sure, 

7. Observe where the pointer now comes 
to rest and read the Rockwell hardness number 
on the dial. If the test has been made with the 
1/16-inch ball and a 100-kilogram weight, the 
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Figure 11-5, — Principle of Rockwell hardness test, 


reading is taken from the red, or B, scale. If 
the test has been made with the spheroconical 
penetrator and a weight of 150 kilograms, the 
reading is taken from the black, or C, scale. 
(In the first example the number is prefixed 
by Rb, and in the latter instance by Ro). 

8, Turn the handwheel to lower the anvil. 
Then remove the test specimen, 


The BRINELL HARDNESS TEST machine 
provides a convenient and reliable hardness test. 
The machine is not suitable, however, for thin 
or small pieces, This machine has a vertical 
hydraulic press design and is generally hand 
operated, a lever being used to apply the load 
which forcesa10-millimeter diameter hardened 
steel or tungsten-carbide ball into the test speci- 
men, For ferrous metals, a 3,000-kilogram 
load is applied. For nonferrous metals, the 


load is 500 kilograms. In general, pressure is 
applied to ferrous metals for 10 seconds, while 
30 seconds are required for nonferrous metals. 
After the pressure has been applied for the 
appropriate time, the diameter of the depres- 
sion produced is measured with a microscope 
having an ocular scale, 


The Brinell hardness number (Bhn) is the 
ratio of the load in kilograms to the impressed 
surface area in square millimeters, This number 
is found by measuring the distance the ball 
is forced, under a specified pressure, into the 
test piece. The greater the distance, the softer 
the metal; and the lower the Brinell hardness 
number will be. The width of the indentation is 
measured with a microscope and the hardness 
number corresponding to this width is found by 
consulting a chart or table. 
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102,90(102A)X 
Figure 11-6,— Rockwell hardness indicating gage. 


The Brinell hardness machine is of greatest 
value in testing soft and medium-hard metals 
and in testing large pieces. On hard steel the 
imprint of the ball is so small that it is difficult 
to read. 


If you were to place a mattress on the 
deck and drop two rubber balls from the same 
height, one on the mattress and one on the 
deck, the one dropped on the deck will bounce 
higher. The reason is that the deck is the harder 
of the two surfaces; this is the principle upon 
which the SCLEROSCOPE HARDNESS TESTER 
works. When using the Scleroscope hardness 
test, a diamond-pointed hammer is dropped 
through a guiding glass tube onto the test piece 
and the rebound (bounce) is checked on a scale. 
The harder the metal being tested, the higher 
the hammer will rebound resulting in a higher 
number on the scale. The Scleroscope is port- 
able and can be used to test the hardness of 
pieces too large to be placed on the anvilor 
tables of other machines. Since the Scleroscope 
is portable and can be hald in the hand, it may 
be used to test the hardness of large guns, 
and of marine and other forgings that cannot 
be mounted on stationary machines. Another 
advantage of the Scleroscope is that it can be 
used without damaging finished surfaces. The 
chief disadvantage, however, of this machine, 


is its inaccuracy. The accuracy of the Scleroscope 
is affected by the following factors: 


1. Small pieces do not have the necessary 
backing and cannot be held rigidly enough to give 
accurate readings. 

2. If large sections are not rigid, if they are 
oddly shaped, if they have overhanging sections, 
or if they are hollow, the readings may be in 
error. 

3. If oil-hardened parts are tested, oil may 
creep up the glass tube and interfere with the 
drop of the diamond-pointed hammer in the 
instrument, thus causing an error, 


The Vickers test measures hardness by a 
method similar to that used in the Brinell test. 
The indenter, however, is not a ball, but a 
square-based diamond pyramid, which makes 
it accurate for testing thin sheets as well as 
the hardest steels. 


Up to an approximate hardness number of 
300, the results of the Vickers and the Brinell 
tests are about the same. Above 300, Brinell 
accuracy becomes progressively lower. This 
divergence represents a weakness in the Brinell 
method— a weakness that is the result of the 
tendency of the Brinell indenter ball to flatten 
under heavy loads. It is for this reason that the 
Brinell numbers over 600 are considered to 
be of doubtful reliability. 

If a ship has one type of hardness tester 
and the specifications indicated by the blue- 
print are for another type, a conversion table, 
such as table 11-5, may be used to convert the 
reading. 


SPOT TEST 


If the tests so far described are not sufficient 
to correctly identify a metal, a spot test (acid 
test) may be used. This section sets forth spot 
test procedures for identifying the following 
BROAD categories of metal alloys: 


. Brass. 

Tin bronze such as gun metal, valve, 
hydraulic or phosphor bronze. 

Aluminum bronze, 

Carbon steel. 

Stainless steel. 

Copper-nickel. 

Nickel-copper (monel). 

. Cast-iron. 

. Aluminum alloys. 
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Table 11-5. — Approximate Hardness Conversion Table 


BRINNEL STANDARD BRINNELL STANDARD 

HARDNESS ROCKWELL HARDNESS ROCKWELL 

NUMBER B C NUMBER B C 
500 3000 1/16" Ball Brale 500 3000 1/16" Ball Brale 
kg kg 100 kg 150 kg kg kg 100 kg 150 kg 
oc e --- 70.0 --- 352 (110. 0) 37.9 
TM Ec — 69.0 E 341 (109.9) 36.6 
een sea --- 68.0 --- 331 (108. 5) 35.5 
m "m --- 67.5 --- 321 (107.5) 34.3 
E Tm --- 67.0 --- 311 (107. 0) 33.1 
ds 767* --- 66.4 --- 302 (106. 0) 32.1 
ТЕК 757% sos 65.9 a 293 (105.5) 30.9 
ieu 745* --- 65.3 --- 285 (104. 5) 29.9 
TENE 733* sc 64.7 --- 277 (104. 0) 28.8 
es 722* --- 64.0 --- 269 (103. 0) 21.6 
— 710* 52 63.3 € 262 (102. 0) 26.6 
--- 698* жее 62.5 ii 255 (101. 0) 25.3 
aoe 682* --- 61.7 --- 243 100. 0 24.2 
TN 670* --- 61.0 201 241 99.0 22.8 
ъ= 353% --- 60.0 195 235 98.2 21.7 
Se 638* --- 59.2 189 229 97.3 20.5 
RUN 627* --- 58.7 184 223 96.4 (18. 8) 
Ste 601* --- 57.3 179 217 95.5 (17.5) 
"E 578* --- 56.0 175 212 94.6 (16. 0) 
PME 555* --- 54.7 171 207 93.8 (15.2) 
рае 534% --- 53.5 167 201 92.8 (13.8) 
m 524* --- 52.1 164 197 91.9 (12. 7) 
ERNE 495* --- 91.0 161 192 90.7 (11.5) 
252 477 --- 50.3 158 187 90.0 (10. 0) 
Eze 461 --- 48.8 156 183 80.0 ( 9.0) 
lm 444 --- 47.2 153 179 87.8 ( 8.0) 
ЕИ 429 — 45.7 149 174 86.8 ( 6.4) 
204 415 = 44. 5 146 170 86.0 ( 5. 4) 
ее 401 --- 43.1 143 167 85.0 ( 4.4) 
— 388 --- 41.8 140 163 82.9 ( 3.3) 
КЕЕ 375 --- 40.4 135 156 80.8 ( 0.9) 

393 --- 39.1 130 149 





* Tungsten-carbide ball. 
() Values beyond normal range for scale. 
500 kg —non ferrous 3000 kg —ferrous 
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Chemical Reagents, Tools, 
and Materials. 


The following chemical reagents, tools, and 
materials are listed below to perform all the 
test described in this section: 


1. A small horseshoe magnet. 

2. Emery cloth, fine or medium-fine grit. 

3. A six or eight inch smooth or second cut 
file. 

4. Two-ounce, polyethylene reagent dispens- 
ing bottles. 

5. Fiberglass filter paper (approximately 
3/4 inch diameter). 

6. Rubber gloves and finger stalls. 

7. Large polyelhelene squeeze bottle for 


water (16 ounce). 
8, Plastic eye shield. 
9, Reference standards. 

10, Paper towels or rags. 

11. Concentrated nitric acid (HNO3). 

12. Nitric acid 1:1 (HNO; 1:1). (This solution 
is composed of equal parts of concen- 
trated nitric acid and distilled water by 
volume.) 

13. Nitric acid 3:1 (HNOs 3:1). (This solution 
consists of three parts of concentrated 
Nitric acid and one part distilled water.) 

14, Ten percent Copper Sulfate (CuSO4) plus 
five percent Sulfuric acid (Ha O4) in water. 

15. Ten percent Silver Nitrate (AgNO;) in 
water. 

16. Ammonia (Ammonium Hydroxide NH, OH). 

17, Ten percent Sodium Hydroxide (NaOH). 


Safety Precautions 


To perform spot tests, you normally do not 
need special training in chemistry. However, you 
must exercise great caution in handling the 
chemical reagents since many are poisonus, 
corrosive, or flammable, 


Many of the reagents are very dangerous to’ 


the eyes and will produce burns in contact with 
the skin. Therefore, Molders, as well as other 
personnel, must wear plastic eye protection 
goggles. If the eyes become contaminated with 
any of the reagents such as nitric acid, wash 
them for fifteen minutes with water. Immediately 
thereafter, report to the medical officer, In the 
event of contact of a reagent with the skin, wash 
off immediately with soap and water. Since speed 
of washing is of the upmost importance, a large 





polyethelene squeeze bottle, previously men- 
tioned, containing fresh water must be part of the 
tester’s equipment, This is because all compart- 
ments aboard ships do not have tap water. For 
example, the foundry storeroom is not equipped 
with tap water. The caution to be stressed here 
is that immediate action must be taken to wash 
the eyes and skin free from acid. If fresh water 
is not available for unknown reasons, clean sea 
water may be used, 

Always use reagents in a well ventilated 
compartment or other areas since they give off 
toxic vapors, 


It is not recommended that you mix your 
own reagents, Mixing of these reagents should 
be done by chemical laboratory personnel who 
have the necessary chemical equipment and know 
the method for mixing chemicals. However, in 
mixing chemical reagents and water, if required, 
never pour water into acid because a violate 
reaction will likely occur, Instead, pour acid 
into water. 


If acid is spilled, dilute it with plenty of 
water to weaken it so that it can safely be 
swabbed away. At the conclusion of spot testing, 
all acid drops must be carefully wiped up with 
a damp cloth, 


Separation and Preparation 
of Alloys 


First of all, if required, separate the yellowish 
to reddish brown alloys such as brass, bronze, 
and aluminum bronze, from the silvery gray to 
gray alloys such as copper nickel, carbon steel, 
stainless steel, monel, and cast-iron. 


Before conducting spot tests, it is necessary 
to obtain bright, freshly prepared surfaces on 
the scrap metal, casting, or other material. It 
is ESSENTIAL to remove invisible surface films 
before you start to perform any spot test. 
Preparation of the surface is required even in 
the case of a bright surface which appears to be 
clean. 

Clean the casting area to be spot tested to 
obtain a smooth, reactive surface. The surface 
must be free from paint, dirt or sand, grease 
or oil, and black oxide film, An approved clean- 
ing solvent can be used for the removal of paint, 
grease, and grime. However, the final step will 
require filing the surface with a smooth file or 
smoothing the surface with emery cloth. Then 
remove all foreign matter with a piece of wiping 
paper. The surface is now prepared for testing. 
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Testing Brass, Bronze, and 
Aluminum Bronze 


Assuming that the yellowish to reddish.brown 
alloys have been grouped together, if required, 
and the surface preparation has been completed, 
place one or two drops of ten percent silver 
nitrate solution on the cleaned surface of the 
metal. Observe the resulting reaction (if any). 
If there is no immediate reaction (the drop 
remains colorless), the alloy is aluminum bronze. 
(See fig. 11-7.) However, if the drop turns black, 
the alloy is brass or bronze, (The two-ounce, 
reagent dispensing bottle is used to apply the 
drops.) The reaction obtained when testing these 
metals is shown in figure 11-7, 

Since the aluminum bronze is identified by 
the observance of no immediate reaction, the next 
step, if required, is to identify the brass alloys 
from the bronze alloys. Again, assuming that 
the surface has been prepared, apply one or two 
drops of 3:1 nitric acid, previously mentioned, 
on the metal's surface. Allow the acid to remain 
on the surface for 30 seconds, Next, lightly 
flush the acid with water, Allow the surface to 
dry. If & white film appears, the metal isa 
bronze. (See fig. 11-7.) If no film developes and 
the surface is brightly etched, the metal is 
brass. 


Testing Copper-Nickel, Nickel-Copper, 
Cast Iron, Carbon Steel, and 
Stainless Steel 


To distinguish copper-nickel and nickel-cop- 
per (monel) from cast iron and steels, apply 
one or two drops of concentrated nitric acid on 
the surface of the metal and observe the resulting 
reaction (if any) for about 2 minutes. (See fig. 
11-8.) If the acid spot turns any shade of green 
to blue, the metal is copper-nickel or monel. 
(In addition, those alloys which are nonmagnetic, 
slightly magnetic, and magnetic are identified 
in figure 11-8). If there is no reaction, the metal 
is cast iron, carbon steel or stainless steel. To 
identify stainless steel from cast iron and carbon 
steel, apply one or two drops of 1:1 nitrate acid 
to the metal's surface. If a rapid reaction occurs 
which causes the acid spot to turn black, the 
metal is carbon steel or cast iron. If the metal 
is stainless steel, the color will not change. 
However, to assure yourself that the metal is 
stainless steel, apply one or two drops of the 
copper sulfate, sulfuric acid, and water mixture 
to the metal’s surface. If a copper plate (copper 
color) developes on the surface, the metal is 
carbon steel or cast iron, If no copper plate 
appears, the metal is stainless steel. 
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Figure 11-7.— Spot testing brass, bronze, and aluminum bronze. 
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Figure 11-8, — Spot testing copper-nickel, nickel-copper, cast iron, carbon steel, and stainless steel. 


To distinguish cast iron from carbon steel, 
apply one or two drops of silver nitrate to the 
metal's surface, A black spot will result on cast 
iron and no reaction will occur on carbon steel. 

As previously mentioned, copper-nickel and 
nickel-copper have already been identified as a 
group. The reaction was any shade of green 
through blue. 


To distinguish copper-nickel from nickel- 
copper, apply one or two drops of concentrated 
ammonium hydroxide on a circle of fiber glass 
filler paper 3/4 inch in diameter and then, 
using a finger stall, press the wetted fiber glass 
filter paper against the cleaned metal. Next, 
allow 3 minutes to complete reaction, keeping 
the filter paper pressed against the metal. Now, 
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remove the fiber glass filter paper from the 
metal and place it on the spot plate. Then place 
one drop of a saturated acetone solution of 5- 
(p-dimethyl aminobenzylidene) rhodanine on the 
fiber glass filter paper. Colors will appear im- 
mediately. Scarlet red indicates copper-nickel 
and yellow indicates nickel-copper. 


Testing Aluminum and 
Aluminum Alloys 


Aluminum and aluminum alloys are primarily 
distinguishable by their characteristic color and 
weight. However, if there is a doubt, place one 
or two drops of ten percent sodium hydroxide 
on a cleaned metal surface. Sodium hydroxide 
will react with aluminum and aluminum alloys, 
dissolving the metal and liberating fine bubbles 
of gas. Sodium hydroxide does not react with 
any of the other common metals or alloys. 


SPECIFICATIONS FOR FOUNDRY 
METALS 


All metals and other materials used by the 
Navy —no matter what their form — must meet 
rigid requirements before they are accepted 
from the manufacturer, Further, all casting 
alloys produced in the foundry must also meet 
certain requirements, such as military specifi- 
cations or federal specifications, 

Specifications not only assure high-quality 
materials, they also serve as a guide in the 
production of castings. Specifications covering 
casting alloys stipulate the percentage of elements 
(chemical analysis) making up the alloy and also 
specify the kind of tests the material must meet. 
During the course of your naval career, you will 
have many occasions to be concerned with speci- 
fications. Your greatest concern, of course, is 
to produce castings that meet the requirements 
of the specifications, In all probability, the 
specifications listed in table 11-6 are available 
in your foundry. 


The Department of Defense publishes a listing 


of specifications and standards. This booklet is 
entitled Index of Specifications and Standards. 
It comes in two parts. Part one is an alphabetical 
listing and part two is a numerical listing of 
specifications and standards. In addition, part 
two contains a cumulative listing of canceled 
documents, Supplements are normally issued 
about every two months to update the index. 
The use of this index is mandatory for all 
military activities. 


When you make a mold, always refer to the 
blueprint’s specification number for the metal 
required. Then use the current specification’s 
chemical composition specified. By using the 
current specification, you are assured of having 
the correct metal. 

Table 11-7 represents the conforming speci- 
fications for table 11-6, In addition to the cross 
reference to the specifications as listed in table 
11-6; table 11-7 lists data on melting tempera- 
tures and casting temperatures for the Military 
Specification Number as well as the similar or 
equivalent specification number. 


HOW METALS SOLIDIFY 


Making a casting involves three basic steps: 
(1) heating metal until it melts, (2) pouring the 
liquid metal into a mold cavity, and (3) allow- 
ing the metal to cool and solidify in the shape 
of the mold cavity. Much of the art and science 
of making castings is concerned with control of 
the things that happen to metal as it solidifies. 
An understanding of how metals solidify, there- 
fore, is necessary to the work of the foundry- 
man. The control of the solidification of metal 
to produce better castings is described in chapter 
12. 

The change from hot molten metal to cool 
solid casting takes place in three main steps. 
The first step is the cooling of the metal from 
the pouring temperature to the solidification 
temperature. The difference between the pour- 
ing temperature and the solidification tempera- 
ture is called the amount of superheat. The 
amount of superheat determines the amount of 
time the foundryman has available to work with 
the molten metal before it starts to solidify. 

The second step is the cooling of the metal 
through the range of temperature at which it 
solidifies, During this step, the quality of the 
final casting is established. Shrink holes, blow 
holes, hot cracks, and many other defects form 
in a casting while it solidifies. 

The third step is the cooling of the solid 
metal to room temperature, It is. during this 
stage of cooling that warpage and casting stresses 
occur, 


THE START OF SOLIDIFICATION 


Solidification of a casting is brought about 
by the cooling effect of the mold. Within a few 
seconds after pouring, a thin layer of metal next 
to the mold wall is cool enough for solidification 
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Table 11-6, — Nonferrous and Ferrous Materials Used by Navy Foundries 





Specification 
Number Material 


CAST NONFERROUS ALLOYS 















MIL-A-17129 Aluminum 
alloy castings 


(sand) 





QQ-T -390 Antifriction 


metal castings 


——— — ——— — — — — —— MÀ ——— —— — ———— M —— D ene Lt = 











Characteristics" 


High tensile strength, 
ductile, shock 
resistant. 


High resistance to 
corrosion. 


High tensile strength, 
corrosion resistant; 
responds well to 
heat treatment. 


High tensile strength, 
nominal resistance to 
corrosion; must be 
heat treated. 


Good tensile strength, 
relatively high cor- 
rosion resistance; 
heat treatment not re- 
quired. 


High tensile strength, 
retaining strength 
at high temperatures; 
corrosion resistant. 
High tensile strength, 
ductile, shock 
resistant. 


Medium-hard babbitt | 
metal. 

Genuine babbitt metal, 
hard and ductile. 
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Application 


For general use where 
strength, ductility, 
and resistance to 
Shock are required. 

For general use where 
maximum resistance 
to corrosion is 
needed, and for leak- 
proof castings of com- 
plex design. 

Used for complex 
castings where cast- 
ability, pressure 
tightness, strength, 
fluidity, and resist- 
ance to corrosion are 
requirements. 

Used for ammunition 
stowages and hoist 
finger trays, frames 
and sills for joiner 
doors, ladder treads, 
Sprocket guards. 

Used for applications 
similar to those listed 
for Class 4, but where 
tensile properties can 
be sacrificed to cor- 
rosion resistance. 

For general use where 
strength and resistance 
to corrosion are re- 
quired. 

For general use where 
strength, ductility, 
and shock resistance 
are required. 

Used in aircraft engine 
bearings. 

Used for bearing sur- 
faces requiring a hard, 
ductile, white metal 
alloy. 

Used in diesel engine 
bearings when 
specifically required. 
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102.127.2 
Table 11-6. —Nonferrous and Ferrous Materials Used by Navy Foundries —continued 





Specification 
. Number Ž 











Characteristics! Application 





—— ———————M— —— —— ————— -— 


QQ-T-390— Cont. Antifriction 4 
metal castings 





| 
Harder than Grades 1, Used in diesel engine 

2, and 3. | bearings where loads 
j are excessive, but 
| impact is not severe. 
Used for torpedo tubing, 





MIL-B-17512 Brass castings - High tensile strength, 
tough, fair resistance and other applications 
to corrosion. where strength, tough- 

ness, and moderate 
corrosion resistance 


is required. 


MIL-B-17668 Brass, commer 1 From 65 to 70 percent Used for instrument 
(46-B-11) cial; castings 
from 70 to 74 percent oil cups, handrail 
copper, but serves | fittings, trim; and in 
the same purposes general for fittings 
as Grade 1.) where strength and 


corrosion resistance 

are not necessary, 

and where cheapbrass 

will serve the purpose. 
Relatively low tensile Used for belaying pins, 


| 
| 
| 


| 
| 
| 
| 
copper. (Grade 2 is cases, nameplates, 
! 
| 
| 
MIL-B-17511 Brass, naval; | 
| 
| 


(46-B-10) castings strength, fair resistance} door fittings and 
to corrosion; a general frames, pipe flanges, 
purpose brass. rail and ladder 
| stanchions, scuttle 
| frames, tarpaulin 
hooks. 
MIL-B-16033 Bronze, 1 High tensile strength, Used for gears, pinions, 
(49-B-3) aluminum; tough, good wear and propeller blades, 
castings corrosion resistance. worm wheels. 
(Classes 2, 3, and 4 
| can be heat treated; 
have higher tensile 
strength than Class 1, 
but are otherwise the 
| | same.) 

MIL-B-16522 Bronze, 1 High tensile strength, Used for framing, gears 
aluminum- tough, resistant to worm wheels. 
manganese; water corrosion. 
castings (Classes 2 and 3 are 


Similar to Class 1; 
but Class 3 is used 
where stress cor- 

rosion is a factor. ) 
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102.127.3 
Table 11-6. —Nonferrous and Ferrous Materials Used by Navy Foundries — continued 
“=== c TA 
Specification Class | 1 | 
Number Material or grade | Characteristics Application 
CAST NONFERROUS ALLOYS 
(Cont. ) 





| 


MIL-B-16261 Bronze, I Used for bearings for 
bearing; winches and con- 
castings veyors; Suitable for use 

| where operating con- 

| ditions require a metal 

| | that will deform 

| | locally, to conform to 
| irregular motion or 
| imperfect fit. 

II ' Reasonably good struc- Used for general bear- 

| tural bronze. ing surfaces; suitable 

| for applications where 

: the bearings are in- 

! tegral with the sup- 


porting or enclosing 








structure. 


| 
| 
MEE 
' 0 | Higher tensile strength | Used for applications 
| | than Grades I and II. where a hard bearing 
| | bronze is required, as 
| | in ammunition con- 
| | veyors and hoists, 
| | booms, cranes, davits, 
3 | | winches, turret turn- 
| | | ing gear, steering 
| | gear bearings, rudder 
| | bearing rings, sleeves 
| for steering gear link 
pins. 
| IV Same as Grades I and II. | Same as Grades I and 
II. 
| V Same as Grade I. Same as Grade I. 
i VI Relatively hightensile Used for finely finished, 
| strength, hard, true running, heavily 
| shock resistant. loaded bearings which 
are lubricated. 
VII Used for torpedo engine 
| | and tail bushings. 
MIL-B-16358 Bronze, copper-| - Corrosion resistant, Used where good cast- 
lead-phos- with high degree of ing and bearing prop- 
phorus; cast- machineability. erties, machineabil- 
ings (This is the tinless ity, and good resist- 
| bronze formerly ance to corrosion are 
| called X-1 Metals). required. 
MIL-B-16444 Bronze, A | Can withstand pressures | Used for castings not of 
hydraulic; up to 350 psi. (Also a bearing nature. 
castings | known as red brass.) 
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Table 11-6. — Nonferrous and Ferrous Materials Used by Navy Foundries —continued 


Specification 


Number 








CAST NONFERROUS ALLOYS 


(Cont. ) 


MIL-B-16443 


MIL-B-18343 
(46-B-24) 


MIL-B-16540 


MIL-B-16542 


MIL-B-17528 


Bronze, 
manganese; 
castings 


Bronze, 
castings, 
ornamental 

Bronze, 
phosphor; 
castings 


Bronze 
castings (for 
screw pipe 
fittings) 


Bronze; 


tin-nickel; 
castings 


Class 1 
Material or grade Characteristics 


== —— — 


Relatively high tensile 
strength, high degree 
of resistance to salt 
water corrosion. 
(High zinc content. ) 


Actually a brass, having 


from 8 to 11 percent 
zinc. 

Medium tensile strength, 
good resistance to salt 
water corrosion. 


Application 


———À — ~ 


Used for engine fram- 
ing, propeller blades 
and hubs, worm 
wheels, deck sockets, 
crosshead slipper 
shoes, gypsies and 
capstans for subma- 
rines, periscope sup- 
ports, and other ap- 
plications where 
strength and corrosion 
resistance are primary 
requirements. 

Used for threaded pipe, 
and for electrical and 
ornamental fittings. 

Used for bearings, 
bushings, expansion 
joints, special pipe 
fittings, pump pistons 
and casings, gears. 
Grade A may be used 
where good strength 
and resistance to salt 
water corrosion are 
requirements. 


! 


Medium tensile strength, | Grade B is intended for 


good resistance to salt 
water corrosion. 


use where stressesare 
low and structural 
strength is not a re- 
quirement. 


Medium tensile strength, | Grade C requires re- 


good resistance to 
salt water corrosion. 


Good tensile strength. 
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fining for useas a 
constituent of any of 
the stronger alloys. 

Used for cast composi- 
tion fittings for 
screwed pipe in gen- 
eral. 

Used in applications 
requiring a tin alloy 
having a salt water 
corrosion resistance 
equivalent to that of 
hydraulic bronze. 
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Table 11-6, — Nonferrous and Ferrous Materials Used by Navy Foundries —continued 


Specification 
Number 


Class 1 
Material or grade Characteristics Application 


CAST NONFERROUS ALLOYS 


(Cont. ) 


MIL- B-17528— Cont'd 


MIL-B-16541 
( 46-B-8) 


MIL-C-20159 


MIL-C-17112 


QQ-C-593a 
(46-B-28) 


Bronze, valve; 
castings 


Copper -nickel 
alloy castings 


Copper -nickel 
zinc alloy 
castings 
(nickel- 
silver) 


Copper - silicon 
alloy castings 


Lower tensile strength 


than Alloy No. 1, but 
higher degree of 
machineability. 


Medium tensile strength, 


good resistance to 
corrosion. 


About 70 percent copper, 


30 percent nickel. 


About 65 percent copper, 


highly resistant to 
tarnishing and cor- 
rosion. 


High tensile strength, 


tough, corrosion 
resistant. 
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Used for manifolds for 


stern tubes, propeller 
shaft sleeves, stuffing 
boxes, low and med- 
ium pressure valves, 
cocks, hose couplings 
and fittings, macomb 
Strainers, draft gages. 
This is a general pur- 
pose bronze, and can 
be used where parts 
are not highly stressed, 
but where corrosion 
resistance is required. 
It may also be used in 
place of gun metal 
(MIL-M-16576) wher- 
ever the physical 
properties permit. 


High grade material 


Suitable for pipe and 
tube fittings. 


Used for graduated 


sight drums on fire 
control instruments, 
and for applications 
where white color, cor- 
rosion resistance, and 
good mechanical prop- 
erties are required. 


Used where requirements 


call for sound homo- 
geneous castings that 
are strong, tough, 
workable, and resist- 
ant to corrosion. 
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Table 11-6. – Nonferrous anf Ferrous Materials Used by Navy Foundries —continued 


Specification 


Class 1 
Number Material or grade Characteristics Application 


CAST NONFERROUS ALLOYS 
(Cont. ) 


MIL- M-16576 Gun metal; 
(46- M-6) castings 
Composition 
G 
QQ-N-288 Nickel-copper 
QQ-N-00288 alloy castings 
(46- M-1) 
MIL-N-20165 Nickel-copper- 
(46-N-7) silicon alloy 


castings 


CAST FERROUS ALLOYS 


QQ-I-652 Gray iron 
(46-I- 6) castings 


Good tensile strength, 
fair machineability; 
resistant to salt water 
corrosion. 


Medium tensile strength, 
extra-high resistance 
to corrosion. 


High tensile strength. 


Composition about the 
same as Class A. 


Low tensile strength, 
no ductility. (Classes 
B and C have a higher 
tensile strengththan 
Class A, but other- 
wise have the same 
characteristics, and 
are used for similar 
applications. ) 
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Used for air pump 
casings, condenser 
heads, gear wheels, 
valve boxes, stop 
valves, safety valves, 
expansion joints, 
flanged pipe fittings, 
and other parts re- 
quiring medium 
strength and resistance 
to salt water corro- 
sion. 

Used for shaft nuts and 
caps, valve trim and 
fittings, high pressure 
valves, and other ap- 
plications requiring 
corrosion resistance 
at high temperatures. 

Used for propellers. 


Used for applications 
requiring non-galling 
and antiseizing char- 
acteristics. 


Used for cylinder liners, 
pistons, and piston 
rings; in general, can 
be used for machinery 
parts or wearing 
surfaces that can be 
cheaply renewed and 
therefore do not re- 
quire materials hav- 
ing weight, strength, 
rigidity, and resist- 
ance to vibration and 
shock. 

Should not be used where 
temperatures exceed 
425°F. 
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Table 11-6. —Nonferrous and Ferrous Materials Used by Navy Foundries — continued 


Specification 
Number 


Class 1 
| Material or grade Characteristics 


CAST FERROUS ALLOYS 


(Cont'd) 


QQ-I-652 
(46-I- 5) 


MIL - G-858 


MIL -5-15083 


Gray iron A Fairly low tensile 
castings, strength, no ductility. 
high test (Classes B, C, 

and D have higher 
strength, but are 
otherwise similar 
to Class A in 
characteristics and 
applications. ) 

Gray iron 1 Corrosion resistant. 
castings, (Class 2 has same 
scale-resist- characteristics 
ing | and uses as Class 1.) 

Steel CW 
castings 

B Medium tensile strength, 


readily machineable. 
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Application 


Used for rotors of 
rotary pumps; steam 
cylinder liners, 
pistons, and piston 
rings of reciprocating 
pumps; and crankcase 
and cylinder blocks for 
internal combustion 
engines. In general, 
used for purposes 
similar to Specifica- 
tion No. 46-I-6, but 
where greater strength. 
rigidity, and wear 
resistance is required; 
however, use must be 
Specifically approved 
where strength is an 
important factor. 
Should not be used 
where temperatures 
exceed 425^ F. 

Used for galley range 
tops and other appli- 
cations where operat- 
ing conditions involve 
high temperatures, a 
tendency to scaling or 
warpage, and corro- 
sive action of caustic, 
acid, and salt water. 

Used where strength is 
not a primary re- 
quirement, but where 
welding may be re- 
quired. 

Used for turbine casting: 
bedplates for motors, 
drums for hoists, 
safety valves, and 
other applications re- 
quiring a general pur- 
pose steel resistant to 
Shock or vibration. 
Should not be used for 
temperatures in ex- 
cess of 775^ F. 
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Table 11-6, —Nonferrous and Ferrous Materials Used by Navy Foundries —continued 


Specification 
Number 


CAST FERROUS ALLOYS 


(Cont. ) 
| 
MIL -5S-15083— Cont'd АТО 
A80 
A90 
MIL-S-870 Steel, molyb- - 
denum alloy 
castings 
MIL-S-15464 Steel, chro- 1 
mium molyb- 
denum alloy 
castings 
2 


Class 1 
Material or grade Characteristics 


Good tensile strength. 


Good tensile strength. 


High tensile strength. 
(Class A100 has an 
even higher tensile 
strength than Class 
A90, but otherwise 
is similar in char- 
acteristics and uses.) 


Good tensile strength; 
resistance to creep. 


Good tensile strength. 


Good tensile strength. 
(Class 3 has same 
characteristics and 
applications as Class 
2.) 
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Application 


Used for special struc- 
tural parts; if the 
castings are to be 
welded, select the 
composition that will 
minimize the use of 
of hardening elements. 

Used for chainpipes, 
hawsepipes, pistons, 
followers for piston 
valves, and other 
important parts sub- 
ject to compressive 
stresses or surface 
wear. 

Used for bearings for 
turret turning pinions, 
thrust blocks for 
turret worm gears, 
carriages for am- 
munition hoists, and 
parts where great 
strength, combined 
with ductility, is re- 
quired. 

Used for steam appli- 
cations, for tempera- 
tures up to 875°F; 
also used, if approved, 
for certain high pres- 
sure hydraulic ser- 
vices. 

Used with superheated 
steam at temperatures 
of 850°F to 1050°F. 


Used with superheated 
steam at temperatures 
of 950° to 1050°F. 
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Table 11-6.— Nonferrous and Ferrous Materials Used by Navy Foundries — continued 


















Class 
or grade 


Specification 


Number Material 


CAST FERROUS ALLOYS 


(Cont. ) 
MIL-S- Steel, corro- 
867 — Cont'd sion-resisting 
austenitic 
MIL-S-16993 Steel castings, 
12 percent 
chromium 
MIL-S-17249 Steel castings, 


Hadfield man- 
ganese (low 
magnetic per- 
meability) 





High tensile strength. 


1 
Characteristics Application 


Good tensile strength. 
(Classes II and III have 
same characteristics 
and applications as 
Class I. ) 

High tensile strength, 

good resistance to 

oxidation. 











Used for castings that 
must be exposed to 
conditions of com- 
bined high temperatures 
and corrosion. 

Used for ship propellers, 
pump casings, com- 
pressor housings; jet 
engine parts, and for 
load-carrying applica- 
tions at high tempera- 
tures; above 1200° F, 
however, the alloy 
is not suitable for 
stressed applications. 

Used for anchors, air- 
craft arresting hooks, 
gypsy heads, and 
heads, and other non- 
magnetic applications. 


information on use represents usual practice. It must not be taken as superseding or modifying 
the special material requirements of individual machinery items as stated in BuShips specifications. 


to begin. At this time, a thin skin or shell of 
solid metal forms, The shell gradually thickens 
as more and more metal is cooled, until all the 
metal has solidified. Solidification always starts 
at the surface and finishes in the center of a 
section. In other words, solidification follows 
the direction that the metal is cooled. 

The way in which metal solidifies from mold 
walls is illustrated by the series of steel cast- 
ings shown in figure 11-9. The metal that was still 
molten after various intervals of time was 
dumped out to show the progress of solidifica- 
tion, All metals behave in a similar manner. 
However, the time required to reach a given 
thickness of skin varies among the different 
metals. 

The speed of solidification depends on how 
fast the necessary heat can be removed by the 
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mold. The rate of heat removal depends on the 
relation between the volume and the surface 
area of the metal. Other things being equal, 
the thin sections will solidify before the thick 
ones, Outside corners of a casting solidify 
faster than other sections because more mold 
surface is available to conduct heat away from 
the casting. Inside corners are the slowest 
sections of the casting to solidify. The sand, in 
this case, is exposed to metal on two sides and 
becomes heated to high temperatures. There- 
fore, it cannot carry heat away so fast. 

Changes in design to control solidification 
rate sometimes can be made by the designer. 
If, however, a change in solidification rate is 
required for the production of a good casting, 
the foundryman is usually limited to methods 
that result in little or no change in the shape of 


MOLDER 3 & 2 





102.128.1 
Table 11-7.— Conforming Specifications for Metals and Alloys for Navy Foundries 
(For metal or alloy consult table 11-6 under Specification Number and Material Columns.) 


Military Grade | Similar or Melting Casting or 
Specification or Equivalent Temperature Pouring 
Number Class | Specification (range °F) Temperature 
Number (range °F) 
MIL-A-1729 1 SAE 310, ATSM B-26-54T, QQ-A- | 1085-1165 1250-1450 
601a Comp. 17 
2 ATSM B-26-54T Alloy S5A, QQ-A- | 1065-1170 1250-1450 
601a Comp. 2 
3 SAE 323, ASTM 4217B, ATSM 1035-1135 1250-1450 
| B-26-54T Alloy SG70A 
4 SAE 38, AMS 4230B, AMS 970-1190 1250-1450 
4231B, QQ-A-601a Comp. 4, 
ATSM B26-54T Alloy C4A 
D SAE 320, ATSM B26-54T Alloy 1110-1185 1250-1450 
G4A, QQ-A-601a Comp. 5 
6 QQ-A-601a Comp. 21 1250-1500 1250-1450 
7 SAE 355, ASTM B26-54T Alloy 1015-1150 1250-1450 
SC51A, QQ-A-601a Comp. 10, 
AMS 4210E, AMS 4212D, AMS 
4214C 
8 SAE 315, ASTM-B26-54T Alloy 1120-1190 1250-1450 
ZC81A, Mil-A-12033 Comp. 1 
QQ-T-390 1 ASTM B-23-49 Alloy 7, SAE 14, 433-700 750-760 
QQ-M-161a (1) Grade 7 
Mil-B-17512 - ASTM B132-52 Alloy A, ASTM 1650-1700 1750-2050 
147-52 Alloy 7A, QQ-B-726c (2) 
Class D 
Mil-B-17668 1 ASTM 146-52 Alloy 6B, SAE 41, 1700-1725 1850-2100 
QQ-B-621a (1) Comp. B 
Mil-B-17511 6 ASTM B146-52 6C, Mil-C 1700-1725 1850-2100 
15345A (2) Comp. 7, QQ-B- 
621a (1) Comp. A 
Mil-B-16033 1 ASTM B148-52 Alloy 9A, SAE 1900-1910 2000-2200 
68A, QQ-B-671b Class 1 
Mil-B-16522 1 ASTM B22-52 Alloy E, ASTM 1650-1700 1800-2150 
Bk47-52 Alloy 8, QQ-B-726c 
(2) Class B, AMS 4862B, SAE 
430A, SAE 430B 
I ASTM B66-52, ASTM B67-52, 1700-1750 1900-2250 


QQ-B-691b (1) Comp. 7, AMS 
4840 
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Table 11-7.— Conforming Specifications for Metals and Alloys for Navy Foundries —continued 
(For metal or alloy consult table 11-6 under Specification Number and Material Columns.) 


Military 
Specification 
Number 


Mil-B-16542 


Mil-B-17528 


Mil-B-16541 


Mil- C-20159 


Mil-C-17112 


QQ- C-593a 


Mil-M-16576 


QQ-N-288 
QQ-N-00288 


Mil-N-20165 


QQ-I-652 


Mil-G-858 


Mil-S-15083 


CW 


ATO 


A80 


A90 


Similar or 

Equivalent 

Specification 

Number 

QQ-B-691 (1) Comp. 3 

ATSM B207-a4T Alloy A 

None 

ASTM B61-52, SAE 622, ATSM 
B143-52 Alloy 2A, QQ-B-691b 
(1) Comp. 1, Mil-C-15345 (2) 
Comp. 2, Mil-B-11553B 
Comp. 1 


None 


ASTM B149 Alloy 11A, 
ASTM B271 Alloy 11A 


ASTM B198-52 Alloy 12A 

ASTM B143-52 Alloy 1B, SAE 
620, Mil-C-15345A (2) Comp. 3, 
QQ-B-691b (1) Comp. 5, 
Mil-B-11553B Comp. 5, 
QQ-L-225 (No. 5) 


ASTM B198-52 


Mil-N-4498 Comp. 1 

ATSM A-4848 Class 20, ASTM 
A126-42 Class A, ASTM A278-53 
Class 20 

AMS5392D 

None 

None 


None 


SAE 080, ASTM A148-50T 
Grade 80-40 


None 
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Melting 


Temperature 


(range °F) 





1750-1800 
1800-1830 
1800-1830 


1800-1830 


2027-2089 


2027-2089 


1800-1900 


1800-1875 


2020-2090 
2050-2090 


2020-2090 


1750-2400 


1750-2350 
1750-2450 
1750-2450 
1750-2450 


1750-2450 


1750-2450 


Casting or 
Pouring 
Temperature 
(range °F) 
1950-2300 
1900-2300 
1900-2300 


1900-2300 


2250-2600 


2250-2600 


1900-2150 


1920-2300 


2690-2850 
2700-2850 


2650-2850 


2350-2600 


2450-2800 
2850-2950 
2850-2950 
2850-2950 


2850-2950 


2850- 2950 
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102.128.3 
able 11-7.— Conforming Specifications for Metals and Alloys for Navy Foundries — continued 


(For metal or alloy consult table 11-6 under Specification Number and Material Columns.) 


itary Grade | Similar or Melting Casting or 
cification or Equivalent Temperature Pouring 
nber Class | Specification (range °F) Temperature 
Number (range °F) 
-B-16522 
ont'd II Mil-B-11553 Comp. 8, Mil-C- 1700-1750 1900-2250 
15345A (2) Comp. 5, QQ-B- | 
691b (1) Comp. 8 | 
III QQ-B-691b (1) Comp. 9 1700-1750 1900-2250 
IV Same as Grades I & II 1700-1750 1900-2250 
V Same as Grade I 1700-1750 1900- 2250 
VI ASTM B144-52 Alloy 3B, SAE 1750-1800 1900-2250 
660, Mil-C-15345A (2) Comp. 6, 
QQ-B-691b (1) Comp. 12, 
Mil-B-11553B Comp. 12 
VII None 1700-1750 1900-2250 
|- 16358 - None 1790-1840 1950-2350 
,.-B- 16444 A ASTM B62-52, ASTM B145-52 1810-1840 1950-2350 
Alloy 4A, SAE 40, AMS 
4885B, Mil-C-15345A (2) 
Comp. 1, QQ-B-691b (1) 
Comp. 2, Mil-B-11553B 
Comp. 2 
-B-16443 1 ATSM B147-52 Alloy 8A, SAE 1690 1750-2000 
43, AMS 4860, Mil-C-15345A (2) 
Comp. 8, QQ-B-726c (2) Class A 
-В-18343 А ASTM В145-5А, ASTM B30-5A, 1750-1800 1950-2300 
Mil-B-16540, QQ-B-691b No. 4, 
QQ-B-701a No. 4 
-В-16540 А ASTM B-143-52 Alloy 2B, SAE 1750-1800 1950-2300 
62, QQ-B-691b (1) Comp. 6 
Mil-C-15345A (2) Comp. 4, 
Mil-B-11553B Comp. 6 
B Same as A 1750-1800 1950-2300 
C ATSM N145-52 Alloy 5A, 1750-1800 1950-2300 


Mil-B-11553 B Comp. 11 
QQ-B-691B (1) Comp. 11 
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Table 11-7.— Conforming Specifications for Metals and Alloys for Navy Foundries — continued 
(For metal or alloy consult table 11-6 under Specification Number and Material Columns.) 


Military Similar or Melting Casting or 
Specification Equivalent Temperature Pouring 
Number Specification (range ^F) Temperature 
Number (range °F) 
Mil-A-17129 
Mil-S-870 None 1750-2450 2850-2950 
Mil-S-15464 ASTM A217-49T Grade WC6 1750-2450 2850-2950 
ASTM A356-52T Grade 10, 1750-2450 2850-2950 
ASTM A217-49T Grade МС9 
Mil-S-867 SAE 60304, Mil-S-17509 1750-2450 2850-2950 
Class III, ASTM A296-49T, 
ASTM A351-52T Grade CF-8 
Mil-S-16993 SAE 60410, AMS 5350, AMS 1750-2450 2850-2950 
0351B, ASTM A296-49T, ASTM 
A351-52T Grade CA-15 
Mil-S-17249 ASTM A128-33, Mil-C-5698 1750-2450 2850-2950 


the casting. The rate of solidification can be 
influenced in three other ways: (1) by changing 
the rate of heat removal from some parts of 
the mold with chills; (2) by proper gating and 
risering, mold manipulation, and control of pour- 
ing speed, and (3) by padding the section with 
extra metal that can be machined off later. 


CONTRACTION 


Metals, like most other materials, expand 
when they are heated. When cooled, they must 
contract or shrink, During the cooling of molten 
metal from its pouring temperature to room 
temperature, contraction occurs in three de- 


finite steps corresponding to the three steps' 


of cooling. The first step, known as liquid con- 
traction, takes place while the molten metal is 
cooling from its pouring temperature to its 
freezing temperature. The second, called so- 
lidification contraction, takes place when the 
metal solidifies. The third contraction takes 
place when the solidified casting cools from 
its freezing temperature to room temperature. 
This is called solid contraction. Of the three 
steps in contraction, the first liquid contraction 








5 SECONDS I| MINUTE 2 MINUTES 3 MINUTES 





102.88 
Figure 11-9.— The mechanism of metal solidifi- 
cation, 
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causes least trouble to the foundryman because 
itis so small in amount, 

Figure 11-10, which shows the change in vol- 
ume of a steel alloy as it cools from the pouring 
temperature to room temperature, illustrates 
these contractions, In a similar way, most of 
the metals considered in this manual contract 
in volume when cooling and when solidifying. 
The amount of shrinkage in several metals and 
alloys is given in table 11-8, Notice that some 
compositions of gray cast iron expand slightly 
during solidification, This results from the for- 
mation of graphite, which is less dense than 
iron, The formation of graphite compensates 
for a part of the shrinkage of the iron. 

Reservoirs of molten metal, known as risers, 
are required to make up for the contraction that 
occurs during solidification. If risers are not 
provided at selected spots on the casting, shrink- 
age voids will occur in the casting. These voids 
can occur in different ways, depending on the 
shape of the casting and on the type of the metal. 
The types of shrinkage are illustrated in figure 
11-11. Piping, the type of shrinkage illustrated 
in part A of figure 11-11, occurs in pure metals 








and in alloys having narrow ranges of solidifica- 
tion temperature. Piping in a riser is usually 
a good indication that is is functioning properly. 
Gross shrinkage, illustrated in part B, occurs 
at a heavy section of a casting which has been 
improperly fed. Centerline shrinkage, illustrated 
in part C occurs in the center of a section where 
the gradually thickening walls of solidified metal 
from two surfaces meet. Centerline shrinkage 
occurs most frequently in alloys having a short 
solidification range and low thermal conductivity. 
Microshrinkage, which is also known as micro- 
porosity, occurs as tiny voids scattered through 
an area of metal. It is caused by inability to 
feed metal into the spaces between the arms of 
the individual crystals or grains of metal. This 
type of shrinkage, which is illustrated in figure 
11-11, part D, is most often found in metals 
having a long solidification temperature range. 
Microporosity may also be caused by gas being 
trapped between the arms of the crystals. 

After solidification, cast metal becomes more 
rigid as it cools to normal room temperature, 
This cooling is accompanied by contraction, 
which is allowed for by the patternmaker in 









ne | L| l| £4 
ae 
pef HHHH E 
5 
a 1400 
UJ 
О 1375 
о Pe BERE 
ul 
1350 
Р 3 
2 
ы 1325 2 SE 
О q 
ы O 
$ I | E 
Е ae INN à 
on 
и m: 
1275 
о 200 400 600 1000 1200 1400 800°C 
O 392 750 2 dua 832 2192 2552 Lv 3272°F 
DEGREES 


102.131 


Figure 11-10. — Volume change during the cooling of a 0.35 percent carbon steel. 
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Table 11-8, — The Amount of Shrinkage from Pouring Temperatureto Room Temperature for Several 
Metals and Alloys 





Percentage Decrease 


in Volume 
Alloys (of Specific Composition 
Compositions) During Solidi- 
Total | fication Range 
Temperatures 
Aluminüm. 2393-3» v Commercial 6.5 
Brass, red (ounce metal)... . 85 Cu, 5 Zn, 5 Pb, 5 Sn 6.3 
Brass, yellow (leaded) ..... 70 Cu, 27 Zn, 2 Pb, 1 Sn 6.4 
Bronze, aluminum........ 90 Cu, 10 Al 4.1 
Bronze, bearing ......... 80 Cu, 10 Sn, 10 Pb 7.3 
Bronze, manganese ....... 56 3/4 Cu, 40 Zn, 1 1/4 Fe, 4. 6 
1/2 Sn, 1 Al, 1/2 Mn 
Carbon: steel. 5:999» 0.25 C, 0.2 Si, 0.6 Mn 3.8 
Cast iron, gray ......... 2.18 C, 1.24 Si, 0.35 Mn 4.85 
3.08 C, 1.68 Si, 0.44 Mn 1.94 
CODDGE ек X Xo E Deoxidized | 3.8 
Monel- 23 4 xeu exe 6.3 
Nickel i ж 4 doe She Ж 98 Ni, 1 1/2 Si, 0.1C 6.1 
Nickel cast iron ......... 13 Ni 7 Cu, 2Cr, 3C 1.6 
20 Ni, 15 Zn, 65 Cu 5.5 


Nickel silver. ........... 








lThe gray cast iron of the compositions indicated here decreases in volume during solidification; 
but gray iron containing 3.69 C, 2.87 Si, and 0. 59 Mn expands slightly during the solidification 


process. 


making the pattern for the casting. Contraction 
in cast metals after solidification is resisted 
by the mold. Often, different cooling rates of 
thin and heavy sections result in uneven contrac- 
tion, This uneven contraction can severely stress 
the partially solidified, and still weak, heavier 
Sections, Resistance to contraction of the casting 
results in severe ''contraction stresses'' which 
may tear the casting or which may remain 
in the casting until removed by suitable heat 
treatment, Sharp internal corners are natural 
points for these stresses. 

Some metals, such as steel, undergo other 
dimensional changes as they pass through cer- 
tain temperature ranges in the solid state. In 


the case of castings with extreme variations in 
section thickness, it is possible for contraction 
to take place in some parts at the same time 
that expansion occurs in others. If the design 
of the junctions of these parts is not carefully 
considered, serious difficulties will occur in 
the foundry and in service. 


FREEZING TEMPERATURE 


Molten metal has the ability to dissolve 
many Substances, just as water dissolves salt. 
The most important elements that are soluble 
in molten iron are other metals and five non- 
metals— sulfur, phosphorus, carbon, nitrogen, 
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ure 11-11.— Types of shrinkage (A) piping 
(B) gross shrinkage (C) centerline (D) micro- 
shrinkage. 





hydrogen. When substances are dissolved 
a metal, they change many of its properties. 
'" example, pure iron is relatively soft. А 
all amount of carbon dissolved in the iron 
«es. it tough and hard. Iron containing a 
all amount of carbon is called steel. More 
bon dissolved in the iron makes further 
nges in its properties, When enough carbon 
lissolved in the molten iron, the excess car- 
will form flakes of graphite during solidi- 
tion, This metal is known as cast iron, The 
phite flakes lower the effective cross sec- 
| of the metal, lower the apparent hardness, 
have a notch effect, These factors cause 
t irons to have lower strengths and lower 
shness than steels. 


One of the most important changes in a 
fal as it dissolves other substances is a 
nge in the freezing characteristics. 


Pure metals and certain specific mixtures 
metals, called eutectic mixtures, solidify 
hout a change in temperature, It is neces- 
y, however, to extract heat for solidification 
occur. The solidification of pure metals and 
octic mixtures is very similar to the freez- 
of water. Water does not begin to freeze 
il the temperature is lowered to 32?F. The 
iperature of the ice and water does not change 
m 32°F, until all of the water is converted 
ice. After this, the ice can be cooled to the 


temperature of its surroundings, whether they 
are zero or many degrees below zero. 


Solidification does not occur instantaneously 
but is a function of time and temperature which 
varies with the metal or alloy. Thetime-temper- 
ature cooling curves in fig. 11-12 illustrate 
the differences in the cooling of cast metals and 
alloys. As shown by curve A, pure metals like 
aluminum and alloys having a eutectic composi- 
tion have a very narrow time-temperature solidi- 
fication range. (A eutectic is an alloy having its 
percentage of elements in such proportions that 
the melting point is the lowest possible with 
that group of elements.) The curve at B shows 
that solid solution alloys like copper-nickel and 
Steel (that is, alloys whose constituents dissolve 
in each other in the solid as well as the liquid 
state) solidify over a relatively long time span 
and a medium temperature range. Eutectic-type 
alloys whose constituents are present in propor- 
tions other than the eutectic composition have, 
as shown by curve C, a relatively large time- 
temperature range. The cast irons are repre- 
sentatives of this latter class. 


In each of the curves presented in fig. 11-12, 
point (a) represents the time and the temperature 
of the metal at the moment the metal enters and 
fills the mold. The metal gives up heat to the 
mold and the temperature decreases rapidly. 
This temperature decrease and the time in- 
volved while the metal is in a liquid state is 
represented by that part of the curve from (a) to 
(b) Note that in each time-temperature curve 
the portion from (a) to (b) is steep, indicating that 
the rate of cooling is rapid. Note also that the 
rate is fairly constant. 


At point (b), the metal begins to solidify. Be- 
tween (b) and (c) part of the mass is liquid and 
part of the mass is solidified. The proportion 
of liquid to solid changes constantly with time 
until finally at point (c) the entire mass is in the 
solid state. The temperature represented by 
point (b) is known as the LIQUIDUS, or that tem- 
perature above which the entire mass is molten. 
The temperature represented by point (c) is 
called the SOLIDUS, or that temperature below 
which the entire mass is in the solid state. 


Between the temperatures represented by 
points (b) and (c), the rate of heatloss is radically 
different from that above the liquidus or below 
the solidus. This radical difference in cooling 
rate is a result of latent heat of fusion evolved 
during the change of state. That is, when the 
metal changes from a liquid consisting of atoms 
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SOLIDIFICATION RANGE 





18,69X 
Figure 11-12, — Typical time temperature curves, 


and molecules moving rapidly in random direc- 
tions, to a solid whose atoms are moving slowly 
(vibrating) in characteristic geometric patterns, 
the difference in the rate of motion results in 
the mass giving off heat. 


HEAT OF FUSION is the primary source of 
heat evolved during solidification, The rate of 
which this heat is liberated is proportional to 
the amount of metal solidifying at any given 
instant. In a pure metal, the latent heat of 
fusion evolved is sufficient to prevent a de- 
crease in the temperature of the mass until the 
entire mass has completed the change of state. 
Consequently, time passes but temperature does 
not decrease, As shown by the curves for solid 
solution and eutectic-type alloys not having the 
eutectic composition, there is a temperature 
decrease with time during solidification, but 
because of the latent heat evolved the tempera- 
ture decrease rate is slow and frequently ir- 


regular. 


In terms of time and temperature, the be- 
havior of metallic alloys varies widely during 
solidification. Except for pure metals and eu- 
tectic alloys, solidification occurs through a 
range of temperature as indicated by the gray 
areas on the time temperature cooling curves 
shown in fig. 11-12. That portion of the curve 
below the solidus (from c to d) represents cool- 
ing to room temperature in the solid state. 
Since all latent heat of fusion has been given up, 
cooling below the solidus proceeds at a normal 
rate. 


HEAT TRANSFER 


The solidification of molten metal in the 
mold is a result of the extraction of heat from 
the metal by the sand that surrounds it. This 
process of heat extraction is called heat trans- 
fer. 


The transfer of heat from the molten metal 
to the sand and its transfer away from the cast- 
ing is most rapid at the time the mold cavity is 
first filled. As the casting cools and solidifies, 
the transfer of heat is carried on at a reduced 
rate. The rapid heat transfer in the early period 
of solidification is due to the ability of the sand 
to store a large amount of heat. As the maxi- 
mum capacity of the sand to store heatis reached, 
the sand becomes saturated with heat, and further 
tranefer of heat from the casting to the mold 
is controlled by the ability of the sand to conduct 
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the heat away. Because this is à much slower 
process than the absorption of heat by the sand, 
the transfer of heat away from the casting takes 
place at a lower rate. Many times, the rate of 
transfer is further slowed by an air gap which 
is formed when the solidified casting starts to 
contract and draw away from the mold. The 
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presence of this air gap causes a further de- 
crease in the rate of heat transfer. Chills 
produce an increased rate of solidification be- 
cause of their increased heat-storage capacity, 
as compared to an equal volume of sand, and 
their ability to conduct heat at a rate much more 
rapid than that at which sand can conduct it. 


CHAPTER 12 
FACTORS RELATED TO THE CASTING OF METALS 


The mechanical procedures for casting ferrous 
and nonferrous metals are basically the same. 
There are certain differences, however, such as 
molding sand mixtures and the relationship of 
the mold to casting design. Molding techniques 
may also differ for the various metals and 
alloys. 

It has been shown that each metal or alloy 
solidifies in a definite manner, however, the 
time required to reach a given thickness of 
Skin during the solidification varies among the 
different metals. The speed of solidification 
depends on how fast the necessary heat can be 
removed by the mold. The rate of heat removal 
depends on the relation between the volume and 
the surface area of the metal. Changes in design 
to control solidification sometimes can be made 
by the designer. If, however, a change in the 
rate of solidification is required for the produc- 
tion of a sound casting, the Molder may use 
methods that will result in little or no change 
in the shape of the casting. The rate of solidifica- 
tion can be influenced by: (1) changing the rate 
of heat removal from some parts of the mold by 
chills; (2) gating and risering techniques, mold 
manipulation, and control of the pouring speed; 
and (3) padding the section(s) with extra metal 
than can be machined off later. 

This chapter includes a discussion on the 
differences in the casting of ferrous and non- 
ferrous metals, the types of solidification con- 
trol, and techniques for casting of various metals 
and alloys. In addition, this chapter will provide 
information on the selection of the casting alloy, 
how to determine the weight of the casting, and 
how to calculate the weight of the furnace charge 
(including metal loss) for a particular heat or 
melt, 


DIFFERENCES IN CASTING FERROUS 
AND NONFERROUS METALS 


Although the molding sands used for gray 
iron castings are basically the same as those 


used for nonferrous castings, they may have 
other substances added to the sand which will 
change the characteristics of the sand mixture. 
On the average, the sands used for ferrous 
metals are more permeable than those sands 
used for nonferrous metals. The molding sand 
used for cast iron, steel, and monel must be 
more heat resistant than that used for brass 
and bronze because of the higher pouring or 
casting temperatures required. However, mold- 
ing sand used for brass and bronze may be 
used for small cast iron, steel, or monelcastings 
if extreme care is exercised during the molding 
process and the moisture content is closely 
controlled, 

Gates and risers for ferrous castings and 
nonferrous castings are similar although the 
iron casting has a smaller riser and gate. 
Because iron castings are usually brittle as 
compared to nonferrous castings, most risers 
and gates can be broken off or knocked off of 
the casting. For this reason, the juncture be- 
tween the casting and the gates and risers is 
slightly filleted to prevent breaking into the 
casting when these parts are broken off. Too 
large a fillet on the gate or riser will cause the 
break to leave an excessive amount of metal 
that has to be ground off. The gates and risers 
used on nonferrous castings are removed by 
means of a saw, chisel, or abrasive wheel. The 
gates and risers are joined to the casting with 
a generous fillet to take care of the shrinkage. 
These fillets may be removed from the casting 
very easily. 


SOLIDIFICATION CONTROL 


Solidification of metals has been discussed 
in chapter 11 of this training manual. Let us 
consider here the methods by which solidifica- 
tion can be controlled. 

During the second step, solidification con- 
traction, the quality of the casting is determined. 
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It is during the time that the metal passes 
through the solidification range that shrink holes, 
gas defects, and other defects form, 

Within seconds after a metal has been poured, 
a gradually thickening envelope or skin forms, 
The rapidity with which solidification occurs 
depends not only upon the solidification range of 
the specific metal, but also upon the mass and 
the surface area of each mold section. Thin 
sections, and external corner sections with their 
greater surface area, will solidify first. 

At internal corners, where the mold surface 
is faced on two sides of metal, solidification 
takes place more slowly. This is caused by the 
fact that the mold sand absorbs heat more 
rapidly than it can conduct it away from the 
metal. 

The Molder cannot do much about section 
thicknesses, corners, and other details of the 
casting shape, but he can influence the rate 
of solidification in other ways. He can control 
the rate of pouring; he can employ chills to 
increase the rate of heat removal from certain 
parts of the casting; he can pad thinner sections 
with extra metal that can later be machined 
off; and, as he becomes expert in his work, he 
can influence the rate of solidification by gating, 
risering, and mold manipulation. 


SOLIDIFICATION AND 
CASTING DZSIGN 


Design of a casting has much to do with 
the internal grain structure, and therefore with 
the strength and soundness, of the final result. 
While it is true that as a Molder in the lower 
petty officer grades you will have very little 
to say about the pattern, you should understand 
the ways in which the pattern may affect the 
finished casting. 

Best design practice calls for the use of 
the minimum cross-sectional thickness that will 
produce the required strength. There are, how- 
ever, other limits on cross-sectional thickness, 
imposed by the fluidity of the alloy being used. 


You may think that you can overcome these: 


latter limitations by raising pouring temperature 
to increase the fluidity of the metal. This practice 
is more likely to have harmful effects on the 
casting, because it burns out alloying elements 
and allows greater absorption of gas by the 
metal. 

Tapering the sections of a pattern so that the 
points farthest from the risers solidify first 
helps to assure progressive solidification. The 
advantage of the tapered design is obvious, since 
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a part having a uniform section cannot be fed 
for a distance of more than four times the thick- 
ness of the section. 


A comparison of correct and incorrect design 
as related to progressive solidification is shown 
in figure 1221. In part A, the defect is due to the 
fact that you cannot feed a thick section through 
a thin section. The upper section freezes off 
first, and when the required amount of molten 
metal cannot be fed to the thick section, shrinkage 
occurs, Therefore, redesigning and risering, as 
illustrated in part A, will permit progressive 
solidification with the last metal to solidify in 
the riser. In part B, the defect arises from the 
fact that the area requiring feeding is too remote 
from the riser. 





SHRINK 
DEFECT 


INCORRECT 


23.7X 
Figure 12-1.— Examples of incorrect and correct 
design. 
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The incorrect design in part B of figure 12-1, 
represents not only a failure to provide for 
progressive solidification, but also the necessity 
for careful designing at points where sections 
blend or intersect, Weak spots are almost certain 
to develop in a casting if the points of inter- 
section in the pattern have not been well designed. 

Sharp corners can be avoided by using fillets 
or blending the sections, as indicated in figure 
12-2. Three sections should be the maximum 
number brought together at one junction. 

Bosses and pads increase the thickness of 
the metal, and create hot spots which can lead to 
improper solidification and the development of a 
coarse-grained internal structure. They should 
be tapered into the casting; if several bosses or 
lugs are required for a single surface, they 
Should be joined as a panel of uniform thickness. 
Remember that if it is otherwise impossible to 
Secure a sound casting, bosses may be omitted 
from the pattern, and added later by welding. 

Castings should be designed so that the 
surfaces to be machined are cast in the drag 
section of the mold. If a surface that will require 
machining must be cast in the cope, it is neces- 
Sary to provide an extra allowance for the 
finish, 


TYPES OF SOLIDIFICATION 
CONTROL 


Controlled solidification is basic to the pro- 
duction of sound castings, This controlis normally 
obtained through a combination of closely re- 
lated factors, including casting design, mold 
design, gating and risering, and pouring tempera- 
ture and pouring speed of the molten metal. 
Under certain conditions such additional tech- 
niques as padding, the use ofinternaland external 
chills, and mold manipulation may be necessary 
to control the casting’s solidification. 


Although the several factors related to solidi- 
fication and the production of sound castings 
are presented as isolated factors, the Molder 
must remember that the difference between a 
Sound casting and an inferior casting depends 
upon the extent to which these factors have been 
related to, and incorporated in, the overall job 
of producing a casting. 

The types of solidification control for the 
production of a sound casting are gating, risering, 
internal and external chills, padding, and mold 
manipulation, Chapter 8 of this training manual 
discusses the gating system, risering system, 
and internal and external chills. The control 
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Figure 12-2.— Designing adjoining sections to 
eliminate heat and stress concentration, 


techniques such as padding and mold manipula- 
tion are discussed in the following paragraphs. 


Padding 


Most instances of heavy and light inter- 
secting members are in the form of flanges, 
ribs, and webs. Where the use of adequate risers, 
sectional proportioning, or internal and external 
chills is not feasible, the problem of controlling 
solidification may be solved through the use of 
padding. The technique of using padding is only 
used when other methods of control will not 
produce an equally sound casting. 

Padding refers to the addition of extra metal 
in selected places on a casting to provide a 
tapered section with a gradual change in sec- 
tional thickness, rather than the abrupt change 
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the design of the pattern, Padding is 
о provide the necessary taper to a 
signed or uniformly shaped section. 
the only purpose of paddingisto help 
ound casting. When padding is to be 
е sections should be included in the 
sign. If weight is important or the 
function of the part is affected, the 
(padding) is removed when the casting 


s used toinduce progressive solidifi- 
(mbers or sections of uniform thick- 
prevent the defect known as midwall 
e shrinkage. This defect is common 
ions less than 4 inches in thickness, 
ison for rejection, especially if the 
› be subjected to high fatigue or im- 
es, or where maximum pressure 

required, Padding gives a taper 
on, increasing in thickness in the 
the riser, causing the section of 
farthest from the riser to solidify 


iform sections are made without 
nterline shrinkage occurs due to 
ff feeding by obstructing branches 
dendrites during the final stages of 
1, Uniform solidification inamember 
duces centerline shrinkage, whereas 
solidification along the member pre- 
rmation, Uniform solidification can 
d to a large extent by the proper 
riser ratio, but in some instances 
sufficient, Figure 12-3 illustrates 
adding of sections to prevent center- 
ge cavities, Figure 12-4 shows some 





23.17 
— Typical padding of sections to pre- 
-enterline shrinkage cavities. 





102.91 
Figure 12-4, — Typical applications of padding to 
avoid the use of risers and chills. 


typical cases in which padding is applied to a 
pattern to avoid the use of risers, or of internal 
and external chills. Figure 12-5 illustrates typical 
applications of padding to obtain soundness, or 
freedom from shrinkage. Figure 12-6 illustrates 
how a core may be used to make a padded section. 

Centerline shrinkage actually occurs on the 
thermal centerline of the casting member since 
it is the last portion of the casting to solidify. 
Figure 12-7 shows where centerline shrinkage 
will occur in unpadded sections. In part A of 
figure 12-7 the centerline shrinkage of a cored 
member will be nearer the surface of the core, 
because of the lower heat extracting capacity 
of the core due to being completely surrounded 
by metal. To a lesser extent, the same principle 
applies to part B of figure 12-7, while in part 
C of figure 12-7 the thermal centerline will 
coincide with the section centerline. 

Whereas padding is almost a last resort 
(to be avoided if at all possible), the use of 
fillets is a must on all but the simplest designs. 
Wherever portions of a casting form an angle a 
fillet is required. Without fillets heat and stress 
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METHODS 


RISER 


| LD || 
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Figure 12-5.— Typical padding of sections. 
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PADDING CAUSED 
BY DOME ESSENTIAL 
TO PROMOTE 
PROGRESSIVE 
SOLIDIFICATION 


HEAVY MASS 
SHOWN BY 
“CIRCLING” 






DOMED CORE WITH MUSHROOM PRINT 


102.93 
Figure 12-6.— Use of a core to make a padded 
section, 


Ow 


C 


102.94 

Figure 12-7. — Shrinkage on the thermal center- 

line of unpadded casting sections which did not 
solidify progressively toward the riser. 


will concentrate at the apex of the angular inter- 


Sections. This in turn would develop a large: 


grain structure and cause a reduction in strength, 
if not an actual rupture. The purpose of fillets 
is to eliminate or minimize heat and stress 
concentrations by distributing them over a large 
area, 


Mold Manipulation 


Mold manipulation is a procedure that makes 
it possible to keep mold erosion at a minimum. 


By altering the position of the mold after the 
pouring operation, even more favorable solidifi- 
cation conditions may be obtained than by top 
gating. Before pouring is started, the mold is 
tilted with the in-gate end lowest as shown at A, 
figure 12-8. After pouring, the mold is turned 
through an angle of 30°, 100°, or 180°, depending 
on the design of the part. Manipulations of 
100° and 180° are limited to small and medium 
castings of suitable design. Manipulations of 
30°, however, are common for both large and 
small molds. 


The gating system shown in figure 12-8 is 
devised to ensure the flow of metal through the 
bottom in-gate until such time as the metal 
approaches the bottom of the riser. When this 
occurs, the balance of the mold and the riser 
are filled through the upper gate. This heats 
the riser cavity, providing for the proper con- 
ditions of ''hot metal-hot mold'' at the riser, 
and ''cold metal-cold mold" at the farthest 
point from the riser. (Remember progressive 
solidification?) A pouring angle of 10° or 15° 
is found satisfactory for proper bottom gating. 
This is sufficient to enable the metal to travel 
forward instead of spreading out over the entire 
mold cavity. After pouring, the mold is reversed 
through 30° to 40° to allow for gravity feeding. 
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102.95 
Figure 12-8.— The technique of mold manipula- 
tion. 
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The most favorable conditions in both metal 
and mold may be obtained by the ''total re- 
versal' method, This is shown in figure 12-9. 
In this case, the feedhead is molded onthe bottom 
with only small vents on the top of the mold. 
The sprue enters the riser at the lowest point 
to prevent draining after reversal. (See part 
A of fig. 12-9.) After the casting is poured, the 
vents and the sprue are immediately sealed with 
wet sand, and the mold is reversed through an 
angle of 180?, bringing the risers directly above 
the casting. (See part B of fig. 12-9.) 


The use of 100? reversals is not as common 
as the 30? and 180?, but this method does have 
some applications. It involves pouring the mold 
while itis at an angle of 10? from the horizontal. 
AS Soon as pouring is complete, the mold is 
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Figure 12-9,— Total reversal mold manipulation. 


reversed through an angle of 180*?, placing the 
riser at the highest part of the mold. 


CONTROL TECHNIQUES 
FOR VARIOUS METALS 


As stated at the beginning of this chapter, 
the purpose of this discussion is to acquaint you 
with the factors related to the casting of metals. 
As you become more experienced in your work, 
you will learn how to make variations in the 
mold design in order to get the best results for 
the type of casting you are producing. This 
section should give you some practical help in 
deciding upon the correct method of solidifica- 
tion control for the various alloys used in ship- 
board foundries, 


ALUMINUM-BASE ALLOYS 


Since aluminum and its alloys form dross if 
the melt is agitated, avoid turbulence when 
conducting the molten metal to the mold cavity. 
You should design your gating system with this 
in mind. For small castings, use a single gate on 
one side of the mold; for larger castings, or 
those of complicated shapes, use multiple gating. 
When you have multiple gates, however, have 
your metal hotter for pouring, so as to prevent 
cold shuts and laps. The quicker the sprue and 
gates can be filled, the less chance that air will 
be sucked in to form dross. 

Sprues should have a top area three times 
that of the bottom area. In some cases, you may 
find that a rectangular sprue will be preferable 
to a circular one. Two sprue base designs that 
are capable of reducing turbulence and air suction 
are illustrated in figures 12-10 and 12-11. 
Figure 12-10 shows the runner enlarged below 
the base of the sprue, to reduce the velocity 
(not volume) of the flowing metal. Figure 12-11 
shows a well-type sprue. The cross-section area 
of the well is five times that of the sprue base, 
and the well depth is two times that of the runner. 
This design will prove most effective when used 
in conjunction with square runners and with 
wide, shallow runners. 

The area of the runner system must be re- 
duced as each gate is passed. Unless you take 
care to arrange for this, the gates farthest from 
the sprue will carry most of the metal, and you 
will not get a uniform distribution of the metal 
in the mold. 

In planning your gating system, the practical 
approach is to arrange to have each successive 
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RUNNER 





102.97 
Figure 12-10.— Enlargement type sprue base. 





102.98 
Figure 12-11.— Well-type sprue base. 


runner reduced by an area equal to that of the 
previous gate. For example, if the runner AHEAD 
of the first gate has a cross-sectional area of 
0,5 square inch, and the first gate has a cross- 
sectional area of 0.125 square inch, then the 
runner PAST the first gate should be 0.5 minus 
0.125 square inch, or 0.375 square inch. The 
total area of the gates should be equal to (or 
just slightly larger than) the cross-sectional 
area of the runner between the sprue and first 
gate. 

Sometimes this relation between cross-sec- 
tional areas is expressed as a gating ratio, 
composed of three digits. A ratio expressed 
as 1:4:4 tells you that the area of all the gates 
together is the same as the total area of the 
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runners, and that total runner (or gate) area 
is four times the cross-sectional area of the 
sprue base. 

Size and location of gates depends upon the 
size of the casting, and whether it is flat, or 
thick in sections. Make the gate slightly longer 
than their width; make the width about three 
times gate thickness; and make gate thickness 
a trifle less than the casting thickness at that 
point. Have the spaces between gates about 
twice the gate width. 

You can ensure that the gating system fills 
with molten metal before any of it flows into 
the mold cavity if you will put the gates in the 
cope, and the runners in the drag. With this 
design, dross is trapped against the cope sur- 
face, and the distribution of metal in the mold 
is more uniform. Wide, flat runners and in- 
gates give a greater cope surface forthetrapping 
of gas. 

Risers should be used with aluminum alloys, 
since these metals have a high solidification 
shrinkage. Wherever possible, gate through the 
risers; this ensures that the last and hottest 
metal will be in the riser; and is an added 
precaution to obtain good directional solidifica- 
tion, and to prevent shrinkage defects. 


Proper feeding of aluminum presents some- 
thing of a problem, because of the tendency for 
solidification to start throughout the metal. Use 
external chills of cast iron, bronze, copper, or 
steel. Make sure that the chills are clean and 
dry; it is a good idea to warm them before you 
set them in the mold. Occasionally it may be 
necessary to coat these chills with plumbago, 
lampblack, or red oxide; never use organic 
coatings. 

It is recommended to use dry sand molds 
for castings made of aluminum alloys. Make 
sure also that the molds are adequately vented. 
The low density of aluminum reduces theimpetus 
of mold gases and air to escape from the mold 
cavity. 


COPPER-BASE ALLOYS 


Your biggest problem in making castings from 
the copper-base alloys will be related to the 
matter of directional solidification, Composition 
G metal and M metal, for example, have longer 
solidification ranges than many of the other 
metals and alloys used aboard ship. The gating 
system must be designed with this in mind, 
Thin castings in nickel silver should have gates 
of large cross section, to permit rapid filling 





MOLDER 3 & 2 





г mold. A large-sized runner, with many 
les, makes an effective system. 


sering will also present some problems, 
іске! silver and copper nickel alloys, have 
risers large enough to provide sufficient 
. to feed heavy sections and compensate for 
каре. Experience and the records of past 
vill be the best basis for determining correct 
ing procedures, 


savy billets can be cast in a horizontal 
оп. Tilt the mold so that the riser end is 

during the pouring of the metal; this 
des uphill feeding. Use a thin gate to ensure 
the metal enters the mold cavity quietly. 
tilt the mold so that the riser end is higher; 
rovides maximum gravity feeding. 


cause of the greater solidification ranges 

metal, M metal, and hydraulic bronze, 
wil have to provide a stronger chilling 
| than you would for alloys (manganese 
e, aluminum bronze, yellow brass) with 
er solidification ranges. Figures 12-12 and 
indicate satisfactory ways of placing chills 
at castings, and on bushing castings. You 
ее that the chills have been tapered, and 
they conform to the size of the castings. 
ot let them extend clear to the risers, as 
would then extract heat from the risers. 


ie venting procedures for copper-base alloys 
he same as for other metals and alloys. 





102.99 
> 12-12. — Tapered chills on a flat G metal 
casting. 
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102.100 
Figure 12-13. — Tapered chills on a bushing. 


NICKEL-BASE ALLOYS 


The nickel-base alloys, such as Monel and 
modified S-Monel, have wide use because of their 
excellent strength, and their resistance to cor- 
rosion, even at high temperatures. Monel is used 
for such typical parts as pumps, pumpimpellers, 
high pressure valves, bushings, and fittings. 
Modified S-Monel, which has a high degree of 
resistance to galling and seizing, and retains its 
hardness up to 1000? F, is especially useful for 
parts where there is poor lubrication. 

The sand used in the mold for castings made 
of these alloys should have high permeability 
and low clay content; the all-purpose sand sup- 
plied aboard ship will be satisfactory. The gating 
design would permit rapid filling of the mold 
cavity, without exposing the mold to radiated 
heat (from the molten metal) for a period longer 
than is absolutely necessary. 

Large risers are needed to supply the re- 
quired amount of molten metal, because these 
nickel-base alloys solidify with a high shrinkage, 
and within a narrow solidification range. You 
should use chills to obtain directional solidifica- 
tion. You will find that using chills in heavy 
sections also ensures soundness, 

Be liberal in providing venting for molds and 
cores, The high temperatures at which these 
metals are poured make venting especially im- 
portant. Cores must be vented because the gases 
generated by organic core binders will affect 
nickel-base alloys. 


GRAY IRON CASTINGS 


The particular gating system to use fora 
casting is best determined from experience and 
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the records of past jobs. However, in pouring 
the mold for an iron casting, you can use gates 
smaller in cross section than those used for 
other metals, because of the fluidity of molten 
iron, Whirl gates will give you better control of 
the slag and dirt present in an iron melt. 

The size of the riser to be used will depend 
not only upon the thickness of the casting section, 
but also upon the type of iron being poured. For 
ordinary cast iron, with a tensile strength of less 
than 25,000 psi, you will usually not needa riser. 
The high carbon content of this type of iron can 
be counted upon to produce graphite flakes suf- 
ficient to offset solidification shrinkage. 

Even when the carbon content of gray iron 
is low, small risers will serve, In making very 
light castings that require no special feeding, 
use a riser having a diameter of about 2 inches, 
and make the extension of the riser below the 
in-gate about 2-1/4 inches. Increase the riser 
diameter slightly with increased weight of cast- 
ings. For example, for castings up to 50 pounds, 
the riser should be 2-1/2 inches; for castings 
from 50 to 400 pounds, diameters may be from 3 
to 4-1/2 inches, and the extension below the in- 
gate should be from 2-3/4 inches to 3-1/4 
inches, 


Since the gating and risering system ordinarily 
provides for directional solidification of gray 
iron castings, you will seldom need to use 
chills. There is, indeed, a certain risk in using 
them, because they are likely to produce achilled 
iron, especially in thin sections that solidify 
rapidly. For castings where no stresses are 
applied, or upon which no machining needs to be 
done, or for those that can later be annealed, 
Chilled spots may do no harm. However, since 
the chills serve no positive purpose, it is better 
not to use them on gray iron castings. 

Venting need be provided only for the high 
spots on a casting; the molten iron is heavy 
enough to displace most mold gases (steam 
excepted) through the permeable mold sand, 


STEEL CASTINGS 


Your major problem with steel castings will 
be to avoid the mold erosion caused by the jet 
effect of the molten steel. Arrange the gating 
system so that there will not be a deep drop 
of metal into the mold cavity. If the metal must 
fall far in the sprue, the use of splash cores at 
the base of the sprue will reduce erosion, It 
may also be necessary to use a mold wash on 
runners and in-gates. 
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Risering practice for steel castings varies. 
Your best procedure will be to rely upon ex- 
perience (your own or that of others); there 
is no simple rule that can be followed in all 
circumstances. 

Chills are used more extensively with steel 
castings than with other metals and alloys. As 
a general rule, the sections farthest from the 
riser will cool too slowly, and external chills 
will be needed at these far points to speed up 
the solidification process. Having the riser large 
enough so that the metal in it will stay fluid 
while the casting solidifies, and gating through 
the riser, will help to ensure directional solidifi- 
cation, but you must use chills to make certain 
of getting the proper degree of solidification, 

If the chills have been coated with plumbago 
or clay, make sure that they are thoroughly 
dry when you use them, Tapered edges are de- 
sirable, since a straight chill may cause a change 
in solidification characteristics, and the result 
will be hot tears in the casting. 

The high temperatures at which steel is 
poured generate a great volume of gas in the 
mold, and make venting a matter of special 
importance. 


SELECTION OF THE CASTING ALLOY 


No one metal is satisfactory for every type 
of shipboard system and service. Special char- 
acteristics and properties make specific casting 
alloys particularly suitable for certain applica- 
tions, This fact has already been brought out 
in the table of specifications for ferrous and 
nonferrous alloys, in chapter 11 of this training 
manual. 

Usually, the metal from which a casting is to 
be poured is specified on the work request or 
a blueprint, The blueprint lists the type metal 
and the specification to which you must refer 
for the chemical composition of a specific cast- 
ing. For example, let's assume that the blue- 
print listed valve bronze alloy and the specifica- 
tion number Mil-B-16541, By referring to the 
specification, you would find listed under the 
chemical requirement the composition of this 
alloy. It would be 86,0—89,0 percent copper, 
5.5 to-6.5 percent tin, 3.0 to 5.0 percent zinc, 
1.0 to 2.0 lead, and 1.0 percent nickel. 

Occasionally the repair ship force will have 
to determine the best alloy to use. If the com- 
position of the alloy desired has not been speci- 
fied, and there are no blueprints available, you 
may be able to determine the proper alloy from 
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the broken casting, or from another casting of 
the same type as that required. If the desired 
composition is not available on the repair ship, 
you will have to draw upon your knowledge of 
metal properties, and of operating requirements, 
to decide what substitute material will be most 
satisfactory. 

When the choice of alloy is left to the foundry 
shop, a good working rule is to choose the alloy 
that has the lowest tensile strength of its group. 
The lower the tensile strength of an alloy, the 
easier it will be to cast. For example, hydraulic 
bronze with a tensile strength of 30,000 psi is 
easier to cast than manganese bronze, which 
has a tensile strength of 65,000 psi. This rule of 
choosing the alloy most easily cast cannot be 
followed, however, if service conditions require 
that the casting have particular characteristics 
such as special strength or high resistance to 
corrosion, 


CALCULATING CASTING WEIGHT 


An ability to estimate the total amount of 
metal needed to pour a group of castings is 
important in the operation of any foundry. There 
are several methods, depending upon the cir- 
cumstances involved, that you can use to make 
this determination. Each method requires a 


knowledge of shop mathematics. If you are not 
familiar with the elements of arithmetic, or 
the procedures used to determine the volume 
of geometric shapes, you should learn them as 
soon as possible, Mathematics, Volume I, Nav- 
Pers 10069-C, will help you gain the knowledge 
and skill you need. 


USING OLD CASTING 


If the defective casting for which a new cast- 
ing is being made is available, it is a simple 
matter to determine the amount of metal required. 
All you need do is weigh the defective casting 
calculate the weight of the sprues, gates, and 
risers, and add these weights to that of the cast- 
ing. 


USING PATTERN WEIGHT 


More often than not, though, an old casting 
is not available. If the casting being produced 
is small, and if its pattern has a solid con- 
Struction without cores, you can determine the 
casting's weight by weighing the pattern and 
multiplying that weight by a constant value. 
The constant numerical value used depends on 
the type of metal being cast. These numerical 
values are listed in table 12-1. 
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Table 12-1. — Numerical Values for Determining Casting by Pattern Weight 





Casting Material 


Pattern 
Material 


Cast Cast 
Steel Iron 


Pine 
Redwood 
Mahogany 
Cherry 
Poplar 
Walnut 
Cedar 


Plaster 
of Paris 


Aluminum 


Bronze 





Copper Zinc Aluminum 
9.7 
5.7 
4.5 
3.8 
5.0 
3.8 


6.3 


l- 
1.0 
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To illustrate this method, suppose that you 
have a solid, white-pine pattern weighing 3/4 
pound, and that the metal from which the casting 
is to be poured is cast iron. The approximate 
amount of metal needed for this casting is 12 
pounds (0.75 x 16.0). To this amount, of course, 
must be added the estimated weight of risers, 
sprues, and gates. 

This method must be used with caution, You'll 
get a wrong answer if the pattern is other than 
SOLID CONSTRUCTION, When the pattern is 
cored, but is constructed in such a way that it 
is solid, the reduction in weight due to the cored 
part may be obtained by weighing the dry sand 
that fills the core box. Then, multiply the weight 
of the sand by the proper constant. The con- 
stants for the following alloys are: cast iron, 4: 
brass and bronze, 4.65: and aluminum, 1.4. Now 
subtract the product from the weight of the solid 
casting. This will give the approximate weight 
of the cored casting. 


USING DIMENSIONS 
OF PATTERN 


When the pattern is not solid, break the 
casting’s design down into simple component 
sections — round, square, plates — and calculate 
the volume of each section in cubic inches. 
Then, multiply the casting’s total volume by 
the weight per cubic inch of the metal to be 
poured, 

The weights per cubic inch of the common 
foundry alloys are listed in table 4-2. A typical 
example of the use of the breakdown method for 
calculating casting weight is illustrated in figure 
12-14. 

Billet castings, which are stock materials, are 
cast in all Navy foundries, Therefore, let's 
assume that you are going to make a mold from 
a billet pattern. With all castings, you must know 
how much it will weigh so that the furnace man 
can determine how much metal he will need to 
melt for the day’s heat in question, Figure 12-15 
gives the dimensions of a billet. Lets assume 
that this billet will be poured from cast iron, 
In working the problem, the following formula 
may be used: 


CW = (R? - r°) x7 xhx Wt 


where CW = casting weight in pounds 
R? = the radius of the outside dimensions 
squared 
тё = the radius of the inside dimensions 
squared 
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п = 3.14 
h = height of billet casting 
Wt = .258 per cubic inch cast iron (table 


4-2) 


Substituting the values indicated in figure 12-15, 
you have: 


CW = (16-4) x 3.14 x 12 x ,258 
CW = 12 x 3.14 x 12 x .258 
CW = 37.68 x 12 x .258 

CW = 452,16 x .258 

CW = 117 (in round numbers) 


Thus, the billet casting will weigh 117 pounds. 

If you desire to cast the same billet illus- 
trated in figure 12-15 solid, it would weigh 156 
pounds in round numbers, To arrive at this 
answer, eliminate the inside dimension (I.D.) 
and omit the ''-r?'' from the previous formula. 
Then solve the problem. 

Once you have determined the weight of each 
individual casting, plus the weight of its sprues, 
gates, and risers, it is merely a matter of 
addition to determine the total amount of metal 
needed to pour all of the molds that have been 
rammed. However, the total amount of metal 
required is only a part of your furnace charge 
calculation answer. 


CALCULATING FURNACE CHARGES 


The charge of metal ingot and scrap that 
will be placed in the furnace for melting depends 
upon a careful estimation of the weight of each 
element in the alloy being used, the composition 
and proportion of scrap metal to be used, and 
the necessary addition of elements to compensate 
for melting loss. 


CHARGE FOR NONFERROUS 
MELT 


Table 12-2 illustrates the type of record 
that might be kept for a nonferrous melt. The 
charge here is calculated for hydraulic bronze. 
The composition of the alloy is given in line 1, 
and is repeated (in the decimal form in which 
it is used in the calculations) on line 2, under 
the column headings ''percent.'' The calculations 
have been made and the results entered on line 
2, under the column headings ''1b.'' 

Notice that the proportion of scrap used is 
2/5 of the total weight, You can see from this 
how important it is that you know the composition 
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BREAK CASTING DOWN INTO THÉ 
COMPONENTS. FLANGE 

FLANGE 

BODY OF FITTING 


FLANGE 
(1) ОЕТЕВМІМЕ AREA OF OO 
12 т = 113.097 
4 
(2) DETERMINE AREA OF 10» 
4": 12.57 
4 
(3) AREA OF FLANGE*(I) -(2) 100 5 
(4) VOLUME OF FLANGE*(3) X2" = 





1006 X2*2011. 
FLANGE 
2 
(5) DETERMINE AREA OF OD: lO : 78 54 
4 
(6) DETERMINE AREA OF ID: 4^n : 12 57 


> 


(7) AREA OF FLANGE • (5) – (6) * 65 84 
(8) VOLUME OF FLANGE = (7) X2"* 66 X 2 • 131.95 


BODY 


N 


(9) DETERMINE AREA OF OD * : 28. 


o 


(10) OETERMINE AREA OF 10 • 4 : 12.57 


6" 
4 
2 
Tm 
4 


(| ) OETERMINE AREA OF CROSS SECTION (9) - (10): 15.73 

(12) SINCE CROSS SECTION 15 UNIFORM THE CENTER OF GRAVITY OF THE 
ENTIRE AREA IS ON THE CENTERLINE. THEREFORE THE VOLUME OF 
THE BODY CAN BE DETERMINED BY MULTIPLYING THE AREA OF 


THE CROSS SECTION (11) BY THE LENGTH ALONG THE LENGTH 
OF THE CIRCLE OF THE CENTER OF GRAVITY. 


(13) RADIUS OF CENTERLINE OR CENTER OF GRAVITY OF BODY =: 7" 
(I4) LENGTH ALONG CENTERLINE ЁЛ = 2x 731416, о i 
(15) VOLUME OF BODY*(I) X (I4): 15.8 X 11.0 * 172,7 

(16)TOTAL VOLUME = 505.77 

(I7)STEEL WEIGHT #.281.X(16)*.281 X $05.772142.12 

(IB)FILLETS ANO FOUNDRY VARIATIONS 3% 4.26 

(I9) TOTAL WEIGHT* 14638 LBS. 


I.D.—Inside Diameter O.D.—Outside Diameter 


102.101 
Figure 12-14. — Calculating the weight of a casting by the volume method. 


the Molder with his work, Form the habit of 
keeping such records yourself, to assist other 


of the scrap that you use in a melt, At the 
bottom of the form are shown the amounts of 





virgin metal that must be added to ensure that 
the casting metal will be of the required com- 
position. 

When calculation forms have been carefully 
made out and kept aboard a repair ship, they 
can be of much practical assistance in helping 


Molders in making future charges. 

WEIGHT PER ELEMENT is an important 
factor in most castings, since very few of them 
are made from pure metal. Copper-base alloy 
castings will make up the major part of your 
work in the foundry; and you will also work 
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102.133 
Figure 12-15.— Using billet dimensions for cal- 
culation of casting weight. 


with nickel-base and aluminum alloys. You must 
determine, therefore, how much of each element 
is required. This is the calculation that is 
worked out on line 2 of table 12-2. 

For example, 500 pounds of hydraulic bronze 
(sometimes called ounce metal or red brass) 
are needed to pour a certain number of castings. 
This metal must have a composition of 85 
percent copper, 5 percent tin, 5 percent zinc, 
and 5 percent lead, as shown on line 1 of table 
12-2. To determine the weight of each desired 
element in the charge, you would make the follow- 
ing computations: 


900 x 0.85 = 425.0 
900 x 0.05 = 25.0 
500 x 0.05 = 25.0 
500 x 0.05 = 25.0 

Total = 500.0 


This is how you arrive at the computations which 
are given in line 2, table 12-2, 


Line 3 of table 12-2 indicates that 200 pounds 
of hydraulic bronze foundry returns such as 
gates and risers will be used to make upa 
portion of the charge. The chemical analysis 
report, if required, will give the percentage of 
elements in the scrap hydraulic bronze. How- 
ever, chemical analysis are not normally per- 
formed for routine foundry work. Therefore, 
knowing that the alloy scrap is hydraulic bronze, 
you would assume that it has the correct com- 
position, However, for illustration purposes, 
we will assume that the chemical analysis is 
known, Thus, you would make the computations 
using the total scrap weight and the chemical 
analysis report (not illustrated) which gives 
the percentage of each element. Line 3 of table 
12-2 is computed as follows: 





200 х .045 = O9Sn 
200 x .040 = 8 Zn 
200 x .050 = 10 РЬ 
200 x .865 = 173 Cu 
Total = 200 


Line 4 indicates that 300 pounds of new metal 
(prealloyed hydraulic bronze) is used to make 
the remainder of the 500 pound charge. (If virgin 
metals are used to make up the new metal 
charge in line 4, multiply 300 pounds by the 
required percent of each element.) Again, we 
are assuming that the chemical analysis is known. 
Therefore, line 4 is computed in the same 
manner as line 3. 


In this illustration, line 5 is not used, how- 
ever, line 6 gives the subtotal of each element, 
The total tin contained in the charge is 24.3 
pounds, The desired analysis indicated in line 
2 is 25 pounds of tin, Thus, you would make an 
addition of .70 tin, shown on line 9 which would 
make a total of 25 pounds of tin, shown on line 
10. Then you would follow the same procedure 
for zinc and lead additions. 


CHARGES FOR CAST IRON 


The calculation of & charge for cast iron 
follows the same procedures as that for a non- 
Ierrous heat. Table 12-3 shows the form used 
for calculating the charge for a cast iron cast- 
ing. Notice that the figures listed under the 
headings ''percent'' for the various elements 
are relatively small. Since the properties of 
cast iron ean be affected by such very small 
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102.135 
Table 12-2. — Calculating the Charge for a Copper-Base Alloy 


Юю = es Alloy Copper-base Date 
al Composition 85-5-5-5 
Charge Weight 500 lb 





Element 


COMPOSITION 


85.0 Cu, 5. 0 Sn,| WEIGHT Sn Zn Cu 
5.0 Zn, 5.0 Pb —-———|——-—— 





(1b) per bent lb 1 1 рег cent! lb 
Desired analysis | 500 0.05 : 0.85 425.0 
CHARGE 

Scrap 3.993 200 0.045 0. 865 173.0 
Ingot «92 жж» 300 0. 051 0.85 255.0 
Subtotal..... 428.0 

ADDITIONS 
Virgin Lead.. 0. 25 T . 
Virgin Zinc .. 2.80 i^i ed Sua Ze 
Virgin Tin... 0.70 is ЖО" 


a M Ó—M MÀ —À | — M á—— ff an re || ЧЕ Чы "РС ачык {э-не áÀ——À | ara ЛЕНА I Sirac панна 


oe @ 0% @ ө е 


' figures in this column are the percentages, expressed in decimal form, that are to be used. 


| in the various elements, you need to When a remelt is used in general-purpose 
| exact knowledge of the analyses of the iron castings, a typical charge would be as 
15 you use in making up the charge, in follows: 

tO produce a metal of the desired com- 

le 


Percent of 
Metal or element total charge 
| Purpose Charge 
Pig iron, Grade A. ....e.. 15 
he interests of close control of the com- LONWSpHOSDBOTUS DIE. dicati acs = 
Remelt No, 1 e Ф Ф e e Ф e e e e 30 
| of a metal, the Molder may be called Steel sor 15 
prepare гете! materials from basic Pu Eun dede 
terials. These remelts, accurately marked ey OME Ee. ык ee ж 0.26 
| i : Ferrosilicon , ......... 0.25 


wed in a properly labeled bin, are avail- 
г use in the subsequent production of 
loy castings. Remelt No. 1, used in small, The ferromanganese and ferrosilicon are made 
jihell-like castings, contains 20 percent as spout additions. The average chemical com- 
ral steel scrap and 80 percent low- position of such a charge is: carbon, 3.30 to 
rus pig iron, Spout additions of 0.25 3.35 percent, manganese, 0.80 percent, silicon, 
| ferromanganese and 2.0 percent ferro- 2.0 percent, phosphorus, less than 0.20 percent, 
must be made. and sulfur, less than 0.12 percent. 


276 


Chapter 12— FACTORS RELATED TO THE CASTING OF METALS 





Table 12-3, — Calculating the Charge for Cast Iron 


Heat No. 
Nominal Composition 3.15-3.25C, 1.30-1.90Si 
Total Charge Weight 100 lb 


COMPOSITION 
3.20 C, 0.84 Mn 
1.75 Si, 1. 00 Ni, 
less than 0.20 P, 


LINE 





1 less than 0. 12 S E (1b) percent! lb per 
2 Desired Analysis. . 100 0.032 [3.20 | 0.0 
CHARGE 
3 Steel Scrap...... 15 0.002 | 0.030) 0.0 
4 Low Phosphorus Pig. 30 0.0426 | 1.278) 0.0 
5 Remelt No. 2..... 55 0. 031 1.705| 0.0 
6 Subtotal ....... 3. 013 
ADDITIONS 

1 Fe Mn (809) .... 0.25 се ЧРИ : 
8 Fe Si (50%) 1.00|.... кышы D 
9 Fe Ni (94%) .... 1.20 n Лагер р 
10 Graphite (80%)... 0.30| 0.80 0.240 

11 огарь 102.75 3.253 


pt 


Alloy Cast Iron 


102.136 
Date 
Element 
Si Mn Ni P 
cent!| 1b percent! | jp percentl | |) |percent! 1b _ 
175 1.75 0.0084 0.84 | 0.01 1.00/0.002 | 0.2 
004 | 0.006] 0.004 | 0.060 ... 410.002 0. 03 
140 |0.420| 0.0078 | 0.234 ... 0.00026 0. 008 
16 0.880} 0.008 | 0.440 | ... 40.001 0. 055 
1.306 0.734 | 0. 093 
| 
wer ...| 0.80 0. 20 he Nara E NE 
.50 0.50 a rd VN mos Weta eee КРОИ 
nn T ... | 0.94 е denen 
EES ESEESE SES жы. рыл ыз шск ыры жынс уй Кы 
1.806 0.934 1.13 | 





The figures in this column are the percentages, expressed in decimal form, that are to be used. 


This typical charge for general-purpose iron 
may be modified to meet the service require- 
ments of the casting. If section thicknesses are 
less than 1/2 inch, and the sections require 
machining, silicon content should be increased 
from about 2.0 to a range of 2.25 to 2.50 percent. 
If there is considerable variation in thickness 
of sections, add 0.30 percent ferronickel and 
0.50 percent ferromolybdenum, to ensure a uni- 
form grain structure. 


An increase in the hardness of a general- 
purpose iron casting can be obtained by the addi- 
tion of nickel or chromium, or nickel and molyb- 
denum, to the charge. Additions to the charge 
may be: 1.25 percent nickel and 0.25 percent 
chromium, or 0.50 percent nickel and 0.30 per- 
cent molybdenum, The addition of 0.40 percent 
molybdenum may by itself produce the required 
hardness, 


Medium Tensile Charge 


Remelt No, 2 is used in charges intended for 
the production of medium tensile and high tensile 
iron castings. The formula for this remelt 
requires 30 percent of structural steel scrap, 
70 percent of low-phosphorus pig iron, 0.25 


percent ferromanganese (spout addition), and 1.25 
percent ferrosilicon (spout addition). 
A typical medium tensile charge is asfollows: 


Metal or element Percent of 
total charge 

Pig iron, Grade A. . . . . . . . 15 
Low-phosphorus pig ...... 35 
Кеше No. 2 6: . e & os 35 
Steel SCr8D 4-539 а еле а 15 
Ferromanganese (spout 

addition). .......e-. 0,25 
Ferrosilicon (spout 

additione v 44-9 9 s 1.25 


The average chemical composition of this charge 
is: carbon, 3.10 percent, manganese, 0.80 per- 
cent, silicon, 1,60 percent, phosphorus, less than 
0.20 percent, and sulfur, less than 0.12 percent, 

This medium tensile iron is suitable for 
applications where section thicknesses are be- 
tween 3/4 inch and 1-1/2 inches. It will give 
satisfactory service in applications where section 
thicknesses are as high as 4 inches, but where 
strength and hardness are not critical. 

High tensile iron contains a greater pro- 
portion of steel scrap and remelt than is used 
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in the- medium tensile charge; it also contains 
small] amounts of ferronickel, ferrochromium, 
and ferromolybdenum, It is used only in special 
applications, where high physical properties are 
a requirement, 

A word of caution is necessary in regard to 
ferroalloys, They are manufactured in various 
grades, with varying alloy content. For example, 
ferrosilicon may have 15, 50, 65, 75, 85, or 90 
percent silicon, Unless the ferroalloy in your 
shop has the alloy percent indicated, you will 
not be able to calculate the charge accurately. 
If this is the situation, you will need the help of 
an experienced Molder. 


MELTING LOSSES 


Melting Loss will reduce these basic weights, 
and accordingly some additions must be made 
to compensate for the loss. You calculate the 
amount to be added by multiplying the basic 
weight of each element by the percent of loss 
for that element, In the Navy shipyards, achemi- 
cal analysis is made of every heat. This pre- 
caution is not possible aboard a repair ship, 
but if the foundry maintains good melting records, 
the data contained therein should help you in 
estimating melting losses. 

All metals are likely to.suffer some melting 
loss, although for some of the elements this 
loss will be negligible. With some elements, loss 
will depend upon the alloy in which they are 
incorporated, The kind of charge, the melting 
unit used, the length of time the charge is held 
at superheat temperature, and the tapping temper- 
ature, are all factors that help to make varia- 
tions in the actual amount of loss. 

In the melting of both ferrous and nonferrous 
metals in electric rocking furnaces, certain 
melting losses must be taken into account when 
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calculating a charge. Here again, experience 
with a particular furnace is a determining factor. 
On the average, though, the melting losses in 
nonferrous heats are 1/4 of 1 percent zinc, 
tin, and lead. In cast iron heats, the average 
losses are 10 percent manganese, 3 percent sil- 
icon, and 20 percent graphite. In steel melting, 
where the temperature is considerably higher 
than in other melting operations, the average 
losses are 10 percent carbon and 25 to 35 per- 
cent manganese. Losses of other elements are 
negligible. Since there is some lining deteriora- 
tion in steel melting, there is a silicon gain in 
an acid type lining rather than loss which must 
be taken into account. The range of silicon 
pickup is 25 to 35 percent, Like losses, the sil- 
icon gain varies and is a function of the physical 
character of the charge, the tapping temperature, 
and the length of time the metal is held at the 
superheat temperature prior to tapping. Experi- 
ence and; the study of carefully kept furnace 
operation records are most important to suc- 
cessful melting in electric rocking furnaces, 


For additional information on melting prac- 
tices for ferrous and nonferrous alloys in the 
indirect-are and resistor type furnaces, refer to 
the manufacturer’s technical manual which gives 
excellent information on melting procedures. 


Melting losses in oil- or gas-fired furnaces 
vary with furnace design, furnace atmosphere, 
and melting practice. Assuming that the melting 
practice and furnace atmosphere are correct, 
the average melting losses for copper-base al- 
loys in an open-flame unit are from 0.5 to 0.75 
percent tin, 0.75 to 1.5 percent zinc, and up to 
0.25 percent lead. In a crucible furnace, the 
average melting losses are slightly lower; 0.5 
percent tin, 0.75 percent zinc, and not over 
0.25 percent lead, 


CHAPTER 13 
MELTING AND CASTING TECHNIQUES 


This chapter provides information on con- 
trol of gas in the molten metal, melting of 
various type metals in different type furnaces, 
pouring procedures, shaking and cleaning of the 
solidified casting, and the causes and prevention 
of casting defects. In addition, a section has 
been included on the rebabbitting of bearing 
shells. 


GASES IN MOLTEN METAL 


Gases may be present in castings in three 
States: in the free state in cavities; in solution 
in the metal; or in chemical combination with 
the metal—for instance, rust (Еөг Оз). There 
are many possible origins for gases in cast 
metal: cavities within the ingot or scrap before 
melting; oxides in the ingot or scrap, or organic 
compounds, such as oil or paint, on its surface; 
moisture on the metal, furnace lining, spout, 
or ladle; and humidity in the atmosphere. The 
very fluxes which are added to the melt to 
prevent gas pickup may themselves be moist. 
Finally, in an oil-burning furnace, the process 
of combustion releases moisture, 


It is obvious that all castings will contain 
undesirable gases unless melted, poured, and 
solidified under extremely close foundry control. 
The chance that gas will cause casting defects 
depends on its state (free, dissolved, or com- 
bined), the kind of gas present, and the amount, 
Gas remaining in solution in the solid state 
will cause no harm, 


The gas which gives greatest difficulty in 
bronze, brass, and aluminum alloys is hydrogen, 
None of the ordinary metals combine chemically 
with hydrogen, but when molten they dissolve 
it very easily. The higher their temperature 
above the melting point, the more hydrogen they 
will dissolve, Conversely, as the metal con- 
taining hydrogen cools, it will expel the gas. 
Finally, when solidification occurs, all hydrogen 
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above the limit of solid solubility will be ex- 
pelled. This escape of hydrogen at the instant 
of solidification causes gas defects inthe casting. 
Also, by stopping liquid feed metal from flowing 
between the dendrites and grains, the escaping 
gas may be the direct cause of casting shrinkage. 
Risers, no matter how well placed, are power- 
less to prevent shrinkage from this cause. 

The simplest method of avoiding gas defects 
in castings is to keep the solution of hydrogen 
below the limit of solid solubility. Several means 
are available, The first is to heat the ingot and 
scrap slowly to evaporate all water and burn 
all oil and paint BEFORE ANY MELTING OC- 
CURS, (However, use clean, uncontaminated 
metals whenever possible). The chief source 
of hydrogen is, of course, water vapor. (Even 
burning off oil and paint releases water as a 
product of chemical reaction.) When water comes 
into contact with molten metal, it decomposes 
to form nascent (atomic) hydrogen and oxygen. 
Hydrogen dissolves easily; oxygen combines with 
the metal to form oxides. 

The ideal, of course, would be to eliminate 
all moisture. In practice, however, while you 
can keep moisture low by making sure all metal, 
flux, and furnace lining are perfectly dry, some 
moisture will still remain in the atmosphere, 
Therefore, you need other methods to help 
keep the amount of solution of hydrogen down. 
For this purpose you can (1) pour the metal 
as soon as possible after melting, giving less 
time for gas to dissolve; (2) heat the metal no 
hotter than necessary, since the hotter the 
metal the more gas is in solution (exceptions 
to this rule are discussed later in this chapter); 
and (3) keep the atmosphere in the oil fired 
furnace slightly oxidizing, rather than neutral 
or reducing, It is true that the excess of oxygen 
in an oxidizing atmosphere will cause a build-up 
of oxides in the metal. But the oxides help clear 
the molten metal of hydrogen; and they can, 
in any case, be completely removed before the 
metal is poured, by the use of fluxes. 
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Removal of oxides before pouring is very 
important, since oxides reduce the solid solu- 
bility of hydrogen. Proper fluxing is therefore 
a vital art for you to learn. The operation must 
be carefully and correctly performed if any 
benefits are to be realized. When you use solid 
fluxes, make sure they are absolutely dry and 
apply them in such a way that they will act 
upon the maximum amount of molten metal. 
Gaseous fluxes are generally piped to the bottom 
of the melting pot and allowed to bubble gently 
through the metal. Like all fluxes, they must 
be free of water vapor and hydrogen. 

For tin bronze, leaded tin bronze, and high 
leaded tin bronze such as gun metal, valve 
bronze, and bearing bronze, a deoxidation treat- 
ment of 15 percent phosphor-copper impurity 
will cleanse the melt of oxides. (The percentage 
of phosphor-copper, used for various alloys, 
is given in Melting Practices.) If deoxidation 
has been completed, the metal will pour without 
the stream scumming over at any point. The 
amount of phosphor-copper that should be used 
is discussed later inthis chapter. When phosphor- 
copper is used to deoxidize bronzes, it must 
be carefully controlled. An excess of the de- 
oxidizer will decrease the ductility of the alloy. 
AS a degassing agent, copper oxide or an approved 
commercial degassing tablet, if required, is 
employed to purge the gas from the melt. 

High zinc brasses including manganese bronze 
are not prone to gas pick-up (hydrogen absorp- 
tion) since zinc itself is an efficient degassing 
agent. Consequently, there is no need for de- 
gassing or deoxidation treatment. Copper-oxides 
should not be used as a degassing agent for 
aluminum or silicon bronze since these oxidize 
readily. 

Aluminum has a greater affinity for hydrogen 
than most metals you are likely to melt, yet 
a flux is not always necessary. An oxide envelope 
always surrounds aluminum; as long as this 
envelope is not broken, it offers considerable 
protection from gas absorption. Thus, if the 
metal is carefully handled and melted, a pro- 


tective cover flux is not required to prevent’ 


hydrogen absorption, However, aluminum oxi- 
dizes readily and forms considerable dross 
which may be trapped in the final casting unless 
it is removed, For this reason, fluxing may 
be beneficial and even necessary when consider- 
able foundry scrap and secondary metal are 
included in the melt, Nevertheless, when used 
with aluminum, fluxes should be considered a 
supplement to, rather than substitute for, good 
melting practice. 
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In addition to gaseous nitrogen, the most 
commonly used aluminum fluxes are zinc chlo- 
ride, aluminum chloride, sodium fluoride, and 
various mixtures of these substances. The alumi- 
num fluxes usually employed in Navy foundries 
are the commercial materials such as Foseco 
Coveral and Foseco Degasser. 


In the melting of steel, adding iron ore to the 
charge causes some of the carbon in the charge 
to form carbon monoxide, The carbon monoxide 
forms bubbles in the molten steel and provides 
a stirring action which carries off the hydrogen 
which has migrated into the carbon monoxide 
bubbles. Boiling should be maintained throughout 
the heat, up to the time the ''finals'' (i.e. 
ferromanganese and ferrosilicon) are added. Once 
they have been added, power should be shut 
off as soon as possible to avoid unnecessary 
absorption of gas. 


Oxides formed in steel are readily reduced 
by manganese, silicon, and aluminum. Aluminum 
is used as a final deoxidizer. Extreme care 
must be taken in adding aluminum or it will 
not be effective. It is a very powerful de- 
oxidizer and should always be used when pouring 
steel into green sand molds, particularly when 
the steel is made in the rocking-arc or in- 
duction furnace. Aluminum should be added in 
such a way that it enters the steel and does not 
burn on the surface, or react with the slag. 
Aluminum is available at advanced bases and 
aboard repair ships in the form of ingots, 
normally used in the production of aluminum 
castings. Since it is necessary to conserve on 
the number of materials and their forms, alumi- 
num for steel deoxidizing should be prepared 
by melting the ingot and casting it into small 
molds. 


In summary, then, you should take the follow- 
ing steps to keep down gases in your castings: 

l. Make sure metal, furnace lining, and ladle 
are perfectly dry and clean. 


2. If you must use wet or dirty metal, hold 
the furnace at a temperature that will evaporate 
the moisture and burn off the organic material 
before proceeding to melting temperature. 


3. Heat the metal no hotter than necessary. 
4. Pour the metal as soon as possible. 


9. Maintain a slightly oxidizing furnace at- 
mosphere. 


6. Use fluxes, and use them properly. 
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MELTING PRACTIC ES 


There are a number of factors common to 
all melting procedures. For example, all metals 
except babbit should be melted as rapidly as 
possible. Yet, there are important differences 
that must be taken into account if a satisfactory 
casting is to result, Probably the most im- 
portant difference is the temperature at which 
various metals are melted and poured. Toensure 
success, proper melting and pouring tempera- 
tures must be maintained within very narrow 
limits. Factors common to the melting of various 
nonferrous and ferrous metals, and the im- 
portant differences in the melting procedures for 
such metals are considered in this chapter. 
Information is included on charging various 
furnaces, melting the metals, degassing treat- 
ment, deoxidation treatment, test procedures, 
and pouring temperatures. 

Nonferrous melting is particularly important 
to the Navy Molder because most of the metals 
he pours belong to this category. Here we have 
the copper-base, aluminum-base, and nickel- 
base alloys. However, melting procedure for 
nickel base alloys will not be discussed in this 
training manual. Within each of these larger 
groupings there are subtypes. Unfortunately, not 
all alloys within a given class may be melted 
satisfactorily by the same procedure or tech- 
nique. 


COPPER-BASE ALLOYS 


Probably the most widely used nonferrous 
castings are made of COPPER-BASE ALLOYS, 
A wide variety of these alloys are manufactured 
commercially; of these, nine are commonly pro- 
duced in the Navy foundry. From the viewpoint 
of the melting procedure, we can treat them as 
belonging to one of four groups in which the 
melting procedure is essentially the same. The 
first group, TIN BRONZES, includes gun metal 
(88 Cu, 8 Sn, 4 Zn), hydraulic bronze (85 Cu, 5 
Sn, 5 Zn, 5 Pb), valve bronze (88 Cu, 6.5 Sn, 4 


Zn, 1.5 Pb), and phosphor bronze, This latter ' 


alloy is a gun metal alloy deoxidized with phos- 
phorus and in which a trace of phosphorus re- 
mains, Gun metal is more commonly known as 
composition G, while valve bronze is usually re- 
ferred to as composition M. 

A Second group of copper-base alloys having 
a similar melting procedure are the BRASSES. 
These include manganese bronze (58 Cu, 39 Zn, 
1 Al, 0.5 Mn, 1 Fe, 0.5 Sn), yellow brass (70 Cu, 
27 Zn, 2 Pb, 1 Sn), and red brass (80 Cu, 9.5 Zn, 


3 Sn, 7.5 Pb). Note that each of these materials 
has a relatively high zinc content. Consequently, 
a deoxidizing treatment is usually not required 
since the zinc itself is an excellent deoxidizer. 


From the point of view of melting, ALUMI- 
NUM BRONZE containing 85 to 89 percent cop- 
per, 1 to 3 percent iron, and 8 to 10 percent 
aluminum is the third class of copper-base 
alloys. The fourth class of copper-base alloys 
is bearing bronze. This class is usually referred 
to as a high leaded tin bronze. Bearing bronze 
is a basic alloy of copper, tin, and lead. The 
classes of bearing bronze used by industrial 
foundries may contain up to twenty percent tin. 
However, classes used in Navy foundries will 
not exceed 15 percent tin, The lead content is 
greater than six percent. When zinc is present 
in the alloy, other than as an impuritiy, the 
amount used is less than tin. Just how the melt- 
ing procedures for these alloys differ from that 
of other copper-base alloys as well as other 
nonferrous casting materials will be made evi- 
dent in the subsections which follow. 


Tin Bronzes 


Though the several tin bronzes differ some- 
what in chemical composition, the only essential 
difference in the melting procedure is the super- 
heat and pouring temperatures employed. Gun 
metal is poured at temperatures from 1920? to 
2300? F, valve bronze from 1900? to 2300? F, 
and hydraulic bronze from 1950? to 2350? F. 
The pouring temperature selected within these 
ranges depends upon the sectional thickness of 
the casting being poured. Thin section castings 
require higher pouring temperatures. The high- 
er temperature cited is suitable for 1/2-inch 
cast sections while the lower temperature is sat- 
isfactory for 1-1/4-inch cast sections. In no 
case should the pouring temperature be higher 
than necessary. Remember, a variation of 50? 
F in pouring temperature may mean the differ- 
ence between a sound and a defective casting. 


FURNACES AND CHARGES, — The tin bronzes 
may be melted satisfactorily with indirect-arc, 
resistor, induction, or oil-fired furnaces. As 
noted previously, the characteristics of the unit 
involved must be taken into account. With any 
furnace the lining must be in good condition, the 
furnace must be preheated to the pouring temper- 
ature of the metal to be melted, and the furnace 
atmosphere must be such that the possibility 
of gas absorption is minimized. 
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Raw materials for tin-bronze charges usu- 
ally consist of 50 percent remelt (gates, risers, 
and scrap castings) and 50 percent new metal. 
There is no reason to adhere to the 50-50 pro- 
portions, however, the proportions should be ad- 
justed so that all available returns and scrap are 
used. Alloying elements may be added as com- 
mercially pure metals or as master alloys. The 
lower melting point metals used for alloying 
present little difficulty since they are molten at 
temperatures near or below those of the base 
metals. However, iron, manganese, silicon, 
nickel, and copper present a problem because of 
their relatively high melting points. In most 
cases, it is undesirable to heat the base metals 
to temperatures necessary to effect rapid solu- 
tion of higher melting point metals. Conse- 
quently, master alloys in which high melting 
point alloying elements have been incorporated 
are frequently used. These master alloys melt 
at a lower temperature than the highest melting 
point element contained therein. 


The premixed ingot alloys have some ad- 
vantages over other alloys mentioned. Ingot 
alloys that are purchased to a specification should 
have the correct alloying composition. Ingot pigs 
have heavy section and, therefore, they have the 
least amount of surface exposed to oxidation 
during the melting procedure. Any losses in the 
remelting operation, may be determined easily 
and correction made for metal loss. 


Melting scrap in a charge can be one of the 
pitfalls in casting good metal, The source of 
trouble is from contamination with other metals. 
When you are mixing or melting tin bronze or 
leaded tin bronze, aluminum or magnesium is a 
harmful impurity. Thus, 0.01 percent aluminum 
may result in a rejectable casting because alumi- 
num will increase shrinkage and ductility. (Mag- 
nesium will alsoincrease shrinkage and ductility.) 
Therefore, you should remember that brasses, 
manganese bronze, and, of course, aluminum 
bronze contain a percentage of aluminum, As 
little as 0.01 percent silicon is also a harmful 
impurity in tin and leaded tin bronzes, An iron 
content of 0.25 percent will make tin and leaded 
tin bronzes hard and brittle. Sulfur is considered 
detrimental in the previously mentioned leaded 
tin bronze, Some researchers believe that sulfur 
will cause porosity, and hot tears, and affect pres- 
sure tightness, castability, and fluidity of the 
metal. The amount of sulfur that causes these un- 
desirable effects is not given since different 
researchers vary on the percentage. However, 
the only safe way to avoid contamination is to 


keep all the undesirable impurities to the lowest 
possible level. . 

Hydraulic bronze is sometimes called ounce 
metal. Silicon is considered & very dangerous 
impurity in hydraulic bronze, and even a trace 
of silicon (0.01 percent) can produce & rejectable 
casting. Silicon, mixed with lead, has a tendency 
to increase the formation of dross. Excessive 
amounts of silicon will cause the  casting's 
surface to have & worm-eaten and whitewashed 
appearance. Aluminum is & dangerous impurity 
in hydraulic bronze, Even an extremely small 
percentage will ruin the casting. Traces of 
aluminum will] cause lead sweating. Aluminum 
will also effect the pressure tightness of the 
casting. Alloyed iron, within the specification of 
hydraulic bronze, has no effect, However, free 
iron will cause hard spots in the casting. Mag- 
nesium, an impurity in hydraulic bronze, will 
affect this alloy similar to silicon and aluminum, 

The materials making up the charge should 
be clean, free of oil or any other foreign matter, 
and of the correct chemical composition. Scrap 
must be free of sand to avoid the formation of a 
heavy slag blanket over the metal, The charging 
procedure itself depends somewhat on the melt- 
ing unit being employed. In electric rocking fur- 
naces, heavy pieces of scrap are charged to the 
rear of the barrel while ingots are placed on top, 
closest to the heating elements. In the induction 
furnace, the base metal or higher melting point 
materials are charged first with larger pieces 
being placed on the bottom. Scrap, unless it 
makes up a large portion of the charge, is placed 
in the furnace after the base metal. In oil-fired 
furnaces, remelt material is charged first and 
ingots are placed on top. As a rule, best results 
are attained when a capacity rather than a partial 
capacity charge is melted, 


MELTING THE CHARGE, — The time required 
to melt down the charge will vary with the type 
and condition of furnace used and the weight of 
the charge. Melt down should be accomplished 
as rapidly as possible. When the charge attains 
a molten condition, check the temperature of the 
bath frequently with pyrometric equipment to 
avoid overheating. 

As soon as the charge becomes molten, heat 
the bath to a temperature of 2000? F and pre- 
pare to incorporate the additives (zinc, tin, and 
lead). This is accomplished in the following 
manner: from 3 to 5 minutes prior to tapping, 
with the bath temperature at 2000? F, decrease 
the furnace heat input (or, in the case of an oil- 
fired furnace, shut the furnace down). Permit 
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the bath to cool slightly, almost to the freezing 
point, Push the slag to the back of the furnace 
with a skimmer, then add the zinc, holding it 
beneath the surface with a steel rod to minimize 
melting loss. Do not hold the steel rod in the 
bath too long or the steel will contaminate the 
bronze alloy. Zinc and other alloying elements 
should be added in small amounts to permit rapid 
solution, After the zinc, incorporate the tin and 
then the lead inamanner similar to that described 
for zinc. Stir the mixture well with the steel 
rod, avoiding surface agitation. 

With the alloying elements added, re-apply 
heat until the desired tapping temperature is at- 
tained. The amount of superheat should be 75° 
F above the pouring temperature of the tin- 
bronze in electric furnaces. For oil-fired furn- 
aces, the metal should be superheated 25° to 
50? F above the pouring temperature. 

Once the proper temperature has been 
reached, there should be no delay in tapping. 
If a slight delay is unavoidable, the furnace 
should be shut off. During the first few minutes 
after shut down in some furnaces, the tempera- 
ture of the bath will not fall or rise appreciably. 
However, in some furnaces there may be a 
heat pick up from the liner which will result in 
a temperature increase of 50? to 100? F. Ifa 
longer period of delay is necessary, operate the 
furnace at a reduced heat input in order to main- 
tain the desired tapping temperature. This prac- 
tice can be avoided by having all handling equip- 
ment and molds ready in advance. 


DEOXIDATION, —In electric rocking fur- 
naces, proper deoxidation of tin-bronze alloys 
requires the use of 1-1/2 ounces of phosphor- 
copper per 100 pounds; in the open flame and 
crucible oil- or gas-fired furnaces, 2 or 3 
ounces per 100 pounds of metal and sometimes 
more are required, according to the amount of 
oxides in the bath. In any case, just enough 
phosphor-copper should be, added to prevent a 
scum on the stream as it is pouredinto the mold. 


‘The phosphor-copper should be placed in the bot- 
tom of the ladle and the metal tapped from the. 


furnace, Its use should be carefully controlled 
because a decrease in the ductility of the alloy 
will result if an excess of phosphor-copper is 
used, Prior to tapping, the slag should be skim- 
med from the bath. Be sure that the ladle is well 
dried and preheated. 


Brasses 


The color of a copper-base metal varies with 
the copper and zinc content, Alloys highincopper 


are reddish while those high in zinc are yellowish 
in color. Just as there are tin bronzes of vari- 
ous chemical compositions, so there are a mul- 
titide of brasses. Copper content of Navy brasses 
ranges from 55 percent to as much as 80 
percent. Zinc content ranges as high as 45 
percent. In addition, these alloys usually con- 
tain tin and lead. Occasionally, other elements 
such as aluminum, iron, and nickel are included 
for special purposes. (NOTE: The addition of 
ferrous elements in extremely small quantities 
does not affect the nonmagnetic characteristic 
of nonferrous composition.) 

Brasses which have high percentages of zinc 
are normally free from porosity trouble caused 
by dissolved hydrogen. This is because the 
vapor pressure of the zinc at the melting temper- 
atures involved is effective in restricting hydro- 
gen absorption, Since zinc acts as a deoxidizing 
agent, molten brasses, excluding red brass, do 
not need the addition of deoxidizers. 

The zinc content of red brasses is less than 
17 percent while the tin content is less than 6 
percent, In any case, tin content is less than the 
Zinc present in the alloy. Red brasses require 
a melting practice, including deoxidation with 
phosphor-copper, similar to that previously de- 
scribed for tin bronzes. The practice for yellow 
brasses differs considerably. Here we are con- 
cerned with the high zinc of yellow brasses. 

Since yellow brass alloys contain large quan- 
tities of zinc, and since zinc's boiling point 
(1663? F) is well below the melting point of cop- 
per (1981? F), it is obvious that close control 
of the melting equipment is necessary to avoid 
excessive zinc loss and to maintain a uniform 
product. The avoidance of overheating is most 
important to prevent excess zinc loss in melting. 

Yet, yellow brass should be poured at the 
highest possible temperature at which it will not 
throw off fumes or show an excessive flare. (Low 
tensile manganese will flare at about 1850? F; high 
tensile alloys will flare at about 1950? F.) This 
temperature depends on the precise composition 
of the alloy. In the case of manganese bronze, 
which is essentially a yellow brass to which 
manganese, aluminum, iron, and tin have been 
added, the pouring temperature is 1750? to 2000? 
F depending on the sectional thickness of the 
casting. The pouring range of commercial brass 
(leaded yellow brass) is 1850? to 2100? F. Naval 
brass, also a leaded yellow brass, has a pouring 
temperature range of 1850? to 2100? Е, 


FURNACES AND CHARGES, — Like the tin 
bronze the brasses may be melted successfully 
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in any of the furnaces available in Navy foundries, 
The furnace should be preheated to the proper 
pouring temperature for the alloy involved. Fur- 
nace atmosphere should be slightly oxidizing. 
The materials, particularly the scrap, should be 
charged in sizeable chunks and packed closely 
together, Turnings and borings should not be 
used unless they have been briquetted (tightly 
pressed into the shape of a brick). Unless so 
treated, ‘yellow brass scrap from the machine 
shop oxidizes readily and does not melt, 


MELTING THE CHARGE, — Melt the charge 
as rapidly as possible without burning. This 
requires the constant attention of the operator. 
About the only way to estimate the speed of 
heating is by detecting excess zinc fumes escap- 
ing from the furnace. As long as no fumes 
escape, it is safe to increase the melting rate. 
The escape of excess fumes is a signal to de- 
crease the melting rate. Ideally, the fastest 
melting rate is one that will not give rise to 
excess fumes. 

When the charge becomes completely molten, 
reduce the heat input or shut down the furnace, 
permit the bath to cool slightly and incorporate 
the zinc as previously described for tin bronzes. 
Next, incorporate the tin and lead. The addition 
of 0.2 to 0,5 percent aluminum helps to reduce 
zinc loss. Since these alloys dross readily, it 
is essential that agitation of the bath be kept to 
a minimum during the addition of virgin metals. 
A deoxidation treatment with phosphor-copper 
is not required. In fact, the use of phosphorus 
in a copper-base alloy containing aluminum is 
more likely to contribute to porosity than to pre- 
vent it. 

Yellow brasses, especially manganese bronze, 
are usually produced by using a master alloy 
or hardener. At advanced bases and aboard ship 
the Navy Molder normally produces manganese 
bronze and aluminum manganese bronze from 
гете ingots, These ingots are placed as closely 
together as possible in the furnace. The melt 
should be brought up to a temperature of 1850? 


to 1950? F, at the point when the zinc begins to’ 


flare. One pound of zinc per 100 pounds of charge 
should be added to compensate for zinc loss 
in melt down. As soon as this additive has gone 
into solution check the bath temperature again. 
The metal is ready for tapping as soon asit 
attains the desired temperature, 


TEST PROCEDURES, — Before tapping a man- 
ganese bronze heat, a cup sample should be 
taken and poured into a finger mold consisting of 


a flat cast iron or steel plate having half-round 
grooves approximately 1-1/4 inches in diameter 
and 12 inches in length. After the solidified test 
metal attains a dull red color, it is picked up 
with tongs and placed over a compressed air 
outlet and slowly cooled from bottom to top 
until most of the heat is dissipated. The test 
sample should then be quenched in water. After 
quenching bend the sample until it breaks, using 
a vise and a heavy hammer, The test bar should 
not fracture at an angle less than 90° and the 
fractured surface should have a pink tinge with 
a slight sparkle. As an additional check, a 
Brinell hardness number of 160-175 is an in- 
dication of a satisfactory alloy with a minumum 
tensile strength of 65,000 psi and 20 percent 
elongation. This hardness check should be made 
when practicable, These tests will consume ap- 
proximately 3 to 4 minutes. A satisfactory test 
indicates a satisfactory alloy. If the test bar 
bends too little before fracture, the test indi- 
cates a need for additional copper. If the bar 
bends too much or too easily, the test indicates 
that additional zinc is required. 


Some naval shipyards use a somewhat differ- 
ent and more useful test procedure to determine 
the suitability of manganese-bronze melts. When 
the melt in the furnace reaches the proper 
temperature, 5 test bars are cast in an iron 
mold. These bars are 9-1/2 inches long, have 
a trapezoidal cross section, and are 5/8 inch 
thick. As soon as possible after the bars are 
poured they are dumped from the mold. Two 
bars are immediately quenched in water. The 
remaining 3 bars are allowed to cool in air for 
5 minutes after which they are quenched in 
water. After quenching, the test bars are bent 
around a cylindrical pin 2-7/16 inches in diam- 
eter. The 2 bars quenched immediately should 
not bend more than 20? and the fracture should 
have a pinkish color. If the bars bend too much, 
the yield and tensile strength will be low, The 
addition of zinc to the bath is indicated. The 
bars which have been allowed to cool in air 
for 5 minutes before quenching should bend 
around the pin 120° or more and not fracture. 
The outer fibers of the bar when bent 120° will 
have an elongation of approximately 25 percent. 
The bars which are quenched immediately give 
an indication of the yield and tensile strength; 
the bars cooled in air for 5 minutes and then 
quenched give an indication of the elongation. 
In order to obtain comparable results, however, 
it is essential that the method of quenching and 
time cycle established be followed consistently. 


284 


Chapter 13— MELTING AND CASTING TECHNIQUES 





Except for the differences noted, namely, a 
lower and narrower pouring temperature range, 
the use of remelt ingots, and the lack of a need 
for a deoxidation treatment; the brasses are 
melted much like the tin-bronzes. Since zinc 
content is high, brass melting probably requires 
greater skill on the part of the melter than 
others of the copper-base alloys. 


Aluminum Bronze 


Aluminum bronzes are copper-base alloys 
containing 5 to 15 percent aluminum, up to 10 
percent iron, and less than 0,5 percent silicon, 
Manganese or nickel may be included in the mix- 
ture, These alloys may be melted in any of the 
equipment suitable for other copper-base alloys. 
Normal melting precautions should be observed. 
If the material is carefully melted in a slightly 
oxidizing atmosphere, there is little danger of 
gas absorption. This is true because a film of 
aluminum oxide surrounds the metal. 

In aluminum bronze, phosphorus is considered 
an impurity and even a trace will cause em- 
brittlement, Therefore, phosphor-copper is not 
used in aluminum bronze as a flux, Instead, 
fluoride type fluxes are used for deoxidation 
treatment, Silicon is considered detrimental in 
aluminum bronze and will lower the ductility 
of the metal. 


CHARGING THE FURNACE, —In preparing 
this alloy, the usual procedure is to charge the 
copper-base metal into a properly preheated 
furnace (2050? to 2300? F). After the copper be- 
comes molten, the alloying materials are in- 
corporated. These materials are normally added 
in the form of a hardener containing 70 percent 
aluminum and 30 percent constituents. The re- 
quired amounts of hardener must be thoroughly 
stirred into the bath. If this is not done the light 
aluminum will not distribute properly in the 
mixture, Stir the bath cautiously with a bottom- 
to-top motion, Aluminum bronze is very sus- 
ceptible to oxidation. Avoid severe agitation while 


stirring as this will result in a loss of aluminum' 


content which may affect physical properties. 


MELTING THE CHARGE, — The melting proc- 
ess should be accomplished as rapidly as possi- 
ble. Although the pouring temperature has a 
wide range (2050?— 2300? F), pour the metal at 
the lowest temperature practicable in order to 
prevent excessive oxidation and gas absorption. 
Overheating or holding the alloy in the furnace 
after it is ready to be tapped should be avoided. 


The superheat temperature should be 50? to 
100? F above the pouring temperature to allow 
for heat loss for degassing (if required) and pour- 
ing operation, The exact pouring temperature 
will vary with the size and shape of the casting 
in question. In common with other melting prac- 
tices, pyrometric control is highly desirable in 
the production of aluminum bronze. 


Bearing Bronze 


Bearing bronze is a HIGH LEADED TIN 
BRONZE containing basic alloys of copper, tin, 
and lead. High leaded tin bronze contains lead 
in excess of 6 percent. Tin bronze with over 
0.5 percent and including up to 6 percent lead 
is considered as a LEADED TIN BRONZE and 
is not a bearing bronze. Class 2 bearing bronze 
contains 82 to 85 percent copper, 7 to 9 per- 
cent tin, 7 to 9 percent lead, and others (maxi- 
mum); 0.75 zinc, 0.15 iron, 1.0 nickel, 0.50 
phosphorus, and 0.50 antimony. In determining 
the minimum amount of copper, copper may be 
calculated as copper plus nickel. Compositions 
for classes 1, 3, 4, 5, 6, and 7 are contained in 
the appropriate military or federal specifica- 
tions. These alloys may be melted in any equip- 
ment suitable for other copper-base alloys. 


CHARGING THE FURNACE, — Charge the fur- 
nace as described for tin bronze. Virgin metals 
and alloyed metals are used successfully in melt- 
ing bearing bronze. However, prealloyed ingots 
and bearing bronze scrap of the same composi- 
tion are recommended. The purpose of the pre- 
alloyed ingots and bearing bronze scrap is to 
enable you to obtain a rapid melting procedure 
with close control of the composition and physi- 
cal properties. 

The most likely method for contaminating 
bearing bronze is through scrap gates and risers. 
Even the smallest piece of unidentified metal 
can be harmful. Any metal containing silicon 
or aluminum may be cause for casting rejection. 
Of these, silicon is classified as the most harm- 
ful impurity. 

Silicon can be detected in molten metal as 
dark groups of dross which continually rises to 
the molten metal's surface. However, this method 
of identification is not foolproof and requires 
considerable experience. Silicon contamination 
is also detectable by the casting's surface which 
may have a whitewashed appearance. Therefore, 
silicon impurities in bearing bronze will cause 
the casting's surface to be rough and accompanied 
with lead sweating. As préviously mentioned, 
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aluminum is also a harmful impurity in bearing 
bronze. Its presence will normally cause oxides 
(dross) to form on the surface of the metal. 
Thus, the casting’s surface may. appear silvery 
white and worm eaten, Further, aluminum will 
also cause lead sweat. 


MELTING THE CHARGE,-— The procedure 
for melting bearing bronze is the same as for 
tin bronze. Maintain a slightly oxidizing atmos- 
phere in contact with the metal during melting. 
When melting bearing bronze in an oil-fired 
furnace, perform a zinc test to aidindetermining 
if the atmosphere is reducing or oxidizing. In 
order to perform a zinc test, place a small 
clean, cold piece of virgin zinc in the flame for 
about five seconds, If the zinc turns black, the 
atmosphere is highly reducing; if the zinc turns 
straw color to light gray, the atmosphere is 
slightly reducing; if the zinc does not change 
color, the atmosphere is oxidizing. Since this 
test is so simple, it can be performed many 
times at random during the melting procedure, 

Bearing bronze alloys that contain 15 to 30 
percent lead have a tendency to bleed or sweat 
and show poor distribution, Any excess gas 
absorption during the melting procedure will com- 
pound this tendency. 

The melting of the bearing bronze alloys 


actually starts at the melting point of lead. 


Therefore, during melting, it is essential to 
ensure complete solution of the lead in the 
copper. In order to ensure complete solution, 
the alloys must be heated to a high temper- 
ature of 2200° to 2375° F, then cooled to the 
tapping temperature, In general, as the tin 
content of the bearing bronze alloy increases, 
the temperature prior to pouring is also in- 
creased, NOTE: This is not the pouring temper- 
ature of the metal. 


DEOXIDATION, — For deoxidation, follow the 
procedure for tin bronze, It is recommended that 
sufficient time for reaction be allowed after add- 
ing phosphor copper. 

The pouring temperature range for bearing 
bronze is 1850? to 2200? F. No definite pouring 
temperature can be given since this depends 
on the size and shape of the casting. For quick 
solidification, it is desirable to pour bearing 
bronze at the lowest possible temperature. 


Other Copper-base Alloys 


The copper-base alloy melting procedures we 
have discussed do not cover the whole of the 





casting materials produced in commercial brass 
foundries. They do, however, cover the copper- 
brass alloys normally produced by Navy Molders. 
If you have occasion to produce another alloy of 
this class, determine the subclass to which it 
belongs on the basis of its chemical composition 
and use the melting procedure for that subclass. 
Not all alloys can be neatly categorized this way 
but the majority can. Some, like silicon-bronze 
(1 to 5% Si, 3 to 5% Zn, 1.5% Mn (max), 2.5% Fe 
(max), 2% Sn (max)) are melted much like alumi- 
num bronze. With this alloy, however, itis es- 
sential to pour the metal as soon as it reaches 
the pouring temperature. It should not be held 
in the furnace after it is ready to pour. 


ALUMINUM-BASE ALLOYS 


The two principal aluminum alloys used for 
making castings for shipboard use are the 
aluminum-silicon alloys and the aluminum-copper 
alloys. Of the two principal aluminum alloys, 
class 2 aluminum-silicon alloy is the most com- 
monly used, Class 2 aluminum- silicon alloy con- 
tains 4.5 to 6 percent silicon and mere traces of 
other elements; the remainder is aluminum, 
Class 4 aluminum-copper alloy contains 4 to 5 
percent copper, 1.5 percent silicon, and traces 
of other elements; the remainder is aluminum, 

The aluminum-silicon alloys have very good 
casting properties, The fluidity (castability) in- 
creases as the silicon is increased. The tendency 
of hot tearing is reduced by the silicon additions. 
These alloys are well suited for castings which 
must be pressure tight. Corrosion resistance is 
very good. 

In aluminum-copper alloys, the addition of 
copper to aluminum increases its strength and 
hardness. These are the main advantages of the 
aluminum-copper alloys. Class 4 requires heat- 
treatment, These alloys are susceptible to hot 
tearing and they have a relatively low resistance 
to corrosion, The machinability of the aluminum- 
copper alloys is good. Specific composition of each 
class (1 through 9) of aluminum-base alloy is 
given in the appropriate specification. 

Aluminum and its alloys may be produced, if 
necessary, in any of the furnaces commonly avail- · 
able in Navy foundries. However, most satis- 
factory results are obtained when melting is ac- 
complished in crucible units or ironpotfurnaces. 
Direct flame units are the least desirablefor this 
purpose due to excessive gas absorption and 
metal loss by oxidation. 

Aluminum alloys can be melted in graphite or 
silicon carbide crucibles, The crucibles must be 
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kept clean to avoid contamination, When iron 
pots are used for melting, they require a re- 
fractory wash to prevent pickup of iron by the 
aluminum, A coating for iron pots can be made 
from seven pounds of whiting mixed with one 
gallon of water. A small amount of sodium sili- 
cate may be added to provide a better bond. The 
pot should be heated to a temperature slightly 
above the boiling point of water and the wash 
applied. 


Charging the Furnace 


In charging the furnace, itmust be remember- 
ed that magnesium contamination must be avoid- 
ed in aluminum-copper alloys. Iron or magnesium 
are impurities and must be avoided in aluminum- 
silicon alloys. The contaminating elements result 
in embrittlement and lowering of physical proper- 
ties, Proper scrap segregation is the only way of 
preventing contamination from harmfulelements. 

Charges for aluminum heat should be made of 
ingot material and foundry remelts. Machine shop 
turnings and borings should not be used because 
it is difficult to remove oil from borings and 
chips. In addition, the large surface area of the 
chips causes high oxidation losses. However, if 
borings and chips are used, they should be 
thoroughly cleaned, melted down, and poured into 
ingots. These ingots can be used for scrap remelt 
charges. This procedure will reduce the gas con- 
tent of the material and eliminate the large amount 
of dross which otherwise would result from direct 
use of the borings and chips. Whenever the charge 
is made up of a portion of scrap, it should be 
charged in the preheated furnace first. A solid 
flux is frequently added to a solid charge. When 
the metal melts, the flux (usually ''Foseco Cover- 
al'') floats to the top of the bath and helps pro- 
tect the bath surface from excessive oxidation and 
gas absorption. Since small pieces of aluminum 
scrap will melt down faster than large ingots, 
melting the scrap material first permits shorter 
melting time. This procedure provides a heel of 
molten metal for the aluminum or alloy ingot. 


In an oil-fired furnace, the charge should not 


extend above the top of the crucible. Such charg- 
ing practice will result in high oxidation losses 
and severe drossing. It is better to melt down 
a partially filled crucible and then charge the 
remainder of the metal. Overloading the furnace 
must be avoided. A furnace rated for 500 pounds 
bronze, for example, will handle only 200 pounds 
of aluminum satisfactorily, In charging an iron 
pot furnace, care should be exercised in order 
to prevent chipping the white wash refractory; 
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a clipped refractory may expose the aluminum 
to iron. 

Various aluminum alloys are currently pro- 
duced. Most of them are available commercially 
for foundry use as pre-alloyed ingots. The use 
of these materials simplifies production and 
helps to eliminate irregularities in alloying 
practices. 


Melting the Charge 


When melting aluminum in an oil-fired fur- 
nace, the furnace atmosphere should be slightly 
oxidizing to prevent excessive absorption of 
gases by the melt. Hydrogen is the gas most 
harmful to aluminum. Hydrogen is dissolved by 
the aluminum and produces gas defects if it is 
not removed or permitted to escape. Oxygen 
combines with aluminum to form the familiar 
dross which is easily removed. 

A severely oxidizing atmosphere should be 
avoided, This reduces pot and crucible life. It 
also results in the formation of oxides which 
may eventually get into the casting and cause 
a harmful effect on physical properties. 

Melting and holding temperatures must be at 
a minimum to prevent the formation of oxide and 
absorption of gas. Alloys which must have been 
overheated will show a coarser, more open grain 
Structure than those which have been properly 
melted. Alloys held in the molten state for a long 
time before pouring possess a similar coarse 
grain structure. A melt of aluminum alloy that 
is overheated is usually permanently damaged. 
Merely cooling the metal back to the proper 
temperature will not correct the damage. 

In an oil-fired furnace, when the scrap or 
the original charge is melted, the balance of the 
ingot material is added to the bath. Additional 
Foseco Coveral flux is generally added after 
the entire charge becomes molten. As a rule, 
aluminum alloys are produced from pre-alloyed 
ingots. If it is necessary to produce aluminum 
alloys from new virgin aluminum, the follow- 
ing suggested procedure may be applied. Virgin 
aluminum is melted down first to a temperature 
of approximately 1290? F. Then the master 
alloy addition is made gradually. Pieces should 
be small enough to permit solution without al- 
lowing the aluminum bath to freeze. After the 
additions are in solution, stir the bath thoroughly. 

Agitation of the molten metal increases oxide 
formation and gas absorption, Continual skim- 
ming increases the total oxide loss, since each 
time the protective oxide coating is removed, a 
new one forms, Keep agitation and skimming 
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to a minimum. If the metal is stirred, this 
Should be done quickly from the bottom upward; 
take care to disturb the surface as little as pos- 
sible. Skimming should be done just before the 
metal is taken from the furnace and then again 
just prior to pouring. 


Degassing 


Aluminum may be degassed with dry nitro- 
gen. Chlorine, either solid or gaseous, should 
not be used in shipboard foundries. Chlorine is 
a toxic gas, therefore, presenting a health haz- 
ard. In degassing with dry nitrogen, a carbon 
or graphite pipe is connected to the tank of com- 
pressed gas with a suitable rubber hose, When 
the temperature of the metal is about 1250? F 
(some commercial manufacturers state that de- 
gassing below 1350? F is incomplete), the gas 
should be turned on and the preheated tube in- 
serted in the metal to the bottom of the crucible, 
The flow of gas should be adjusted to produce a 
gentle roll on the surface of the metal, Fluxing 
time should be from 10 to 15 minutes for a 100- 
pound heat. The temperature of the metal should 
never be allowed to go over 1450? F. 

A second method of degassing aluminum is 
the use of Foseco degasser. As soon as the bath 
temperature reaches within a range specified by 
the manufacturer, push the dross aside and 
plunge the degasser (4 ounces per 100 pounds 
metal) into the bath. In adding the degasser, 
keep the plunger approximately 1 inch from the 
bottom of the pot. Rotate the plunger slowly for 
2 to 3 minutes while the bubbling proceeds. This 
bubbling action serves to physically purge the 
bath of objectionable gases in solution within 
the aluminum, As soon as bubbling stops, stir 
the melt gently so that oxide can either come to 
the surface or sink to the bottom, Avoid scraping 
the sides. When the temperature of the bath 
reaches 1320? to 1340? F, shut down the furnace. 
The heat of the pot will allow the melt to reach the 
desired tapping temperature, This provides a time 
lag for the aluminum oxides, which have a specific 


gravity approaching that of aluminum, to either' 


float to the top or sink to the bottom of the pot. 
After fluxing operation (degassing), the surface 
of the melt should be skimmed and the metal 
poured, 


Pouring Temperature 
The pouring temperature and method of pour- 


ing determine whether a properly melted heat and 
a properly made mold will produce a good casting. 
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Aluminum and its alloys should be poured at as 
low a temperature as possible without causing 
misruns, For any given alloy, the pouring temper- 
ature will determine whether a casting will havea 
fine grain structure and good properties or a 
coarse grain structure and poor ‘properties, A 
high pouring temperature will tend to give alarge 
grain size and a low pouring temperature will 
tend to give a small grain size. The pouring 
temperature will vary within the range of 1250°to 
1450° F, depending on the alloy and section size 
of the casting. If a casting poured at 1450° F mis- 
runs, the gating should be revised to allow faster 
pouring. 


CAST IRON 


While ferrous alloys are less frequently 
melted and poured than the nonferrous metals, 
knowledge and skill in the use of iron melting 
procedures are important. Not all Navy found- 
ries, however, are equipped for producing fer- 
rous castings. Some are limited to brasses, 
bronzes, and low-melting-point materials. Others 
can produce cast iron in an emergency but not 
as a normal operating procedure, Still others, 
however, have the facilities for producing any 
kind of casting likely to be required within the 
limits of their capacity. 

AS а rule, oil- or gas-fired crucible furnaces 
are suitable for the production of cast iron only 
in an emergency. Detroit electric rocking fur- 
naces are capable of melting the ferrous metals 
normally required. (For the production of steel, 
the induction furnace provides the most satis- 
factory melting equipment.) In general, whether 
the material to be melted is ferrous or non- 
ferrous, furnace operation as well as the overall 
melting procedure is much the same, Since the 
temperatures involved in ferrous alloy melting 
are relatively high, and in many cases near the 
flow point of the refractory lining material, the 
furnace operator must be in complete control of 
the situation. 


Charging the Furnace 


In common with the melting of other metals, 
the procedure for cast iron requires that the 
furnace be preheated to the pouring tempera- 
ture of the metal. As soon as this temperature 
is attained, the previously calculated and as- 
sembled material for the heat is charged into 
the furnace without delay. 

Foundry returns and remelt material are 
charged first with unusually heavy pieces placed 
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on the bottom. Borings are usually charged 
. next so they can filter into voids between larger 
| pieces, The charges should be as compact as 
| circumstances permit. When these materials 
. are in, charge any alloying additions of nickel, 
; chromium, molybdenum, and vanadium but not 
| ferrosilicon or ferromanganese. These latter 
| materials are not incorporated until the bath is 
1 molten and just prior to tapping. In the elec- 
} tric rocking furnace, pig iron, and then struc- 
| tural steel scrap is placed on the top of the 
| charge near the heating elements. 


Melting the Charge 


Throughout the melting cycle, observe the 
charge periodically to determine the progress of 

4 melting. When using the rocking furnace the 
y Operator must be alert to increase the rocking 
г angle as steadily as the molten pool of metal 
; permits, In any furnace, the cast iron charge is 
х melted as rapidly as possible. However, the 
jy Operator must also be on the lookout for an 
иц accumulation of slag. Slag is most objectionable. 
I: First, it insulates the charge from the heat 
jj Source, making it impossible to superheat the 
ш bath, Second, it reflects an abnormal amount of 
j heat to the refractories above the slag. This 
will cause the lining to melt and form more slag. 
If the condition continues, the lining can be 
pm quickly burned out, When an accumulation of 
„Slag occurs, shut down the rocking furnace, 
remove the door, and spread clean dry silica 
0: 5900 over the slag to thicken it. Then, pull the 
,:8lag out of the furnace and resume operations. 
di When the entire charge is completely melted, 
ге ferromanganese апа ferrosilicon inoculants 
gare added to the charge through the furnace 
oy Spout, The proper time to do this may be deter- 
„mined by feeling through the bath with a soft 
iron rod, 1/2-inch in diameter. If no solid 
jPleces are present, and if the tip of the rod 
sparkles when withdrawn from the bath (temper- 
“ature will be about 2700? F), it is time to add 
the ferroalloys. Then superheat the bath to the 
desired tapping temperature. This temperature 
should be attained from 3 to 5 minutes after the 
manganese and silicon additions. A test similar 
Tto that described to determine the suitability of 
' the bath for incorporating finals may be used to 
" etermine tapping temperature in emergencies. 
When the rod tip melts, leaving a sharp point 
| after a 15- to 20-second immersion, the heat is 
2800? F or higher and should be tapped as soon 
425 possible, The presence of a bubbling action 
| js another indication that a bath temperature of 
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approximately 2800? F has been reached. How- 
ever, the optical pyrometer should be used 
whenever possible. 

Prior to tapping a cast iron heat, pour a test 
bar in a chill mold. After cooling and fracturing 
the bar, observe the broken surfaces to determine 
if the ''mix'' is satisfactory. If depth of chill 
is too deep, the most rapid and satisfactory 
correction can be made by adding ferrosilicon 
to the melt. Graphite additions will also serve 
the same purpose, but graphite is usually diffi- 
cult to put into solution. If the chill depth is 
too shallow, the carbon content and silicon con- 
tent of the iron are probably too high. These ele- 
ments cannot be readily removed from the iron 
but they can be reduced by dilution if steelis 
added to the melt. Another method to increase 
the chill depth is to add up to 1 percent chro- 
mium or molybdenum, If a totally white iron is 
desired, up to 4 percent chromium or nickel can 
be added to the melt, 

The effective use of the fracture test requires 
experience in order to judge the relationship 
between depth of chill and the carbon-silicon 
ratio of any heat as it applies to the controlling 
section thickness of the casting to be poured. 
However, the operator can build up some back- 
ground by correlating the fracture tests with 
the machinability of the castings, and by making 
some hardness determinations. 


Tapping the Furnace 


Iron produced in electric furnaces must be 
tapped as soon as possible after it attains the 
tapping temperature. This is necessary since 
iron tends to refine (dissolve graphite nuclei) 
in these furnaces on holding at temperature or 
on superheating. This refinement causes a con- 
stant increase in hardness of the castings, 
tends to increase shrinkage, and increases 
strength; therefore the heat should be removed 
from the furnace just as soon as possible. 

During the tapping operation, the furnace is 
operated at reduced power input. The object 
here is to maintain a constant bath temperature 
throughout the tapping period. If the entire heat 
is poured into one ladle, the ferrosilicon and 
ferromanganese inoculants may be added in the 
ladle rather than in the furnace itself. If the 
heat is to be tapped into several pouring ladles, 
ladle inoculation may cause nonuniformity of 
composition since the weight of the metal tapped 
can only be approximated, This nonconformity, 
however, is not as harmful with gray iron as 
with other metals, In any event, there should 
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be no delay once the tapping temperature is 
attained. Excess hold time at high tempera- 
tures serves only to increase the probability of 
producing a defective casting. 


POURING THE HEAT 


The actual pouring operation is just as im- 
portant as the melting operation. Actually, the 
pouring of molten metal cannot be separated from 
the melting operation, The primary reason is 
that all molds are poured through the air. 
Therefore, all metals are poured in an oxidizing 
atmosphere, Thus, the ideal condition is to melt 
the metal in an oxidizing atmosphere. The atmos- 
phere should be consistent between melting and 
pouring. 

The pouring operation is a hazardous one, 
and requires teamwork on the part of the foundry 
personnel, Use the time during which the charge 
is being reduced to a molten state for checking 
on the preparation of equipment and of personnel, 
Check to see that the foundry floor is clear of 
obstacles, and that all tools and material that 
are not needed have been stowed away. Check the 
molds to make sure that they are securely 
clamped. Inspect the equipment that is to be 
used in conveying the molten metal from furnace 
to mold, Make sure that each man knows exactly 
what he is to do during the pouring operation. 

PREHEATING THE LADLE (fig. 13-1) is one 
of the most important steps in the preparation 
of the pouring equipment, The slightest moisture 
in the ladle lining can cause gas defects casting. 
If enough moisture becomes pocketed under 
the molten metal, steam will rapidly form, and 
blow metal out of the ladle. You can see what a 
hazard this would be to nearby personnel. 

If 1/4-inch holes on 4-inch centers have 
been drilled through a ladle shell, the steam 
generated during the drying out of a new lining 
wil escape through these vents. But even if 
the lining has not just been renewed or patched, 
you must still preheat the lining, to eliminate 
moisture absorbed from the atmosphere, This 
preheating also ensures against loss of heat 
in the molten metal as it makes the trip from 
furnace to mold. 

TEMPERATURE DETERMINATION should be 
made with an immersion or anopticalpyrometer. 
Temperatures determined by observation are no 
better than guesses, and such methods as ob- 
serving bubbling action, or the reaction of an 
iron thrust into the molten bath, should never be 
used except in emergencies. 





102.102 
Figure 13-1,— Preheating the ladle. 


Figure 13-2 shows a foundryman checking the 
temperature of the molten metal in the furnace 
prior to tapping. Figure 13-3 shows two ladle 
men tapping the furnace. Besides these two men, 
there is a third man (not visible in the illus- 
tration) controlling the rock of the furnace for 
the tapping by the portable pushbutton control of 
the variable rocking-control mechanism, 

TAPPING THE FURNACE may involve more 
than drawing off the molten metal into the ladle. 
It may involve the addition of certain elements, 
When steel castings are being made, deoxidizers 
(aluminum or calcium-silicon-manganese) are 
added to the ladle when it is half full, to kill 
the heat, 

No ladle should ever be filled to more than 
3/4 of its capacity. This precaution ensures that 
the metal can be transferred without spillage, 
since the ladle must be inclined 60? from hori- 
zontal before the liquid will flow over the lip. 
(See fig. 13-4.) Any metal that is spilled must 
immediately be covered with dry sand. Having 
the ladle only 3/4 full makes the pouring oper- 
ation easier, because the ladle can be kept low, 
and the height from which the molten metal 
falls is kept at a minimum, 

The POURING OPERATION is done with the 
ladle lip as close as possible to the pouring 
basin. The ladle should be skimmed carefully 
with a dry metal skimmer; to use wooden skim- 
mers may introduce moisture, Slag that is too 
fluid to be skimmed can be thickened by lightly 
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102.103 
Figure 13-2.— Checking the temperature of the 
furnace charge with an optical pyrometer. 


coating the surface of the molten mass with 
dry silica sand, Continual skimming will increase 
oxide loss, so do your skimming just before 
pouring the mold, 

Agitation of the molten metal while it is 
being transported can increase dross formation 
and gas absorption, particularly in aluminum 
and its alloys. When you are pouring a metal 
that forms dross, avoid a turbulent entry of the 
metal into the mold, Fill the sprue quickly, and 
keep it full to prevent the entrance of dross, 
and of air that would become entrapped in the 
casting. 

Pouring temperatures that are too high can 
cause dross formation, gas defects, hot tears, 
high liquid shrinkage, and rough and dirty casting 
surfaces. If pouring temperatures are too low, 
the casting may have defects such as entrapped 
gas, dross inclusions, and misruns, 

Once you start to pour, fill the pouring basin 
quickly, and keep it filled until the mold cavity 
is filled. The only interruption should be when 
you stop pouring into the sprue (as the metal 
reaches the riser level), and pour down the risers, 


FINISHING CASTINGS 


As soon as the casting has cooled in the 
mold to a temperature that will safely permit 
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102.104 
Figure 13-3,— Tapping the furnace charge into a 
bull ladle. 





102.105 
Figure 13-4, — Teamwork in pouring. 
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handling, it can be shaken out, With small 
castings, you will find this a simple procedure; 
jolting the flask on the foundry floor should 
cause the sand to break away and expose the 
casting. For large castings, it may be neces- 
sary to use a hoist for lifting off the several 
flask sections. Wear gloves when handling the 
casting, for it may still be hot enough to cause 
serious burns. Wear goggles when chipping or 
grinding castings, to prevent serious eye in- 
juries, 

With the casting out of the mold, use a wire 
brush to remove adhering sand. Unless you do 
so, the molding sand will later reduce the 
efficiency of the sandblasting operation. 


After sandblasting (chapter 4), the next step 
is the removal of sprues, gates, and risers. 
This may be done by chipping, sawing, flogging, 
or cutting with an oxyacetylene torch. If you 
use a chipping hammer, work a little away 
from the casting surface so as not to break into 
it and mar it, With a casting of cast steel, you 
will probably employ the acetylene cutting torch. 
On aluminum, brass and other soft metals, use 
a hacksaw or a sprue cutter. 


Castings must be filed or ground at all spots 
where projections were broken off. Aluminum 
castings should be filed, because aluminum tends 
to ''load'' a grinding wheel. Brass and bronze 
castings can usually be ground. 


MACHINABILITY is the term used to de- 
scribe the ease with which a metal may be turned, 
planed, milled, or otherwise shaped in the 
machine shop. Some metals are not easily ma- 
chined because they are too hard. Some soft 
metals are not easily machined because they are 
too tough. 

There are no hard and fast rules that can be 
used in determining the machining characteris- 
tics of & metal. Many factors, such as the com- 
position of the metal, the manufacturing process, 
and heat treatment, have considerable effect on 
the machinability of a metal. Relatively small 
changes in any one of these factors may cause 
excessive change in the machinability charac- 
teristics of the metal. For example, an increase 
of one of the elements in the composition can 
increase or decrease machining characteristics; 
differences in temperatures and rates of cooling 
used in heat treatment can change the metal 
from hard to soft, or vice versa; hot or cold 
working or casting in the manufacturing process 
can change the machinability characteristics by 
changing the internal structure of the metal. 


CASTING DEFECTS 


It has been stated previously in this training 
manual that the ideal casting from the viewpoint 
of the Molder would be of such a shape that 
(1) all its parts or sections could be molded 
easily, (2) the casting could be fed from one 
riser at the highest point of the mold, and (3) 
the solidification would proceed from the lowest 
point of the mold to the riser. However, the 
design engineer may seldom get the desired 
results from the casting because of the shape 
limitations and the metal characteristics, The 
ability of the casting to act in a particular 
manner during the solidification stages should 
be recognized by all foundrymen. Therefore, it 
is necessary for the Molder, as well as the 
Patternmaker, and the design engineer to have 
an understanding of the characteristics of metals 
both in the liquid and the solid state. (See 
chapters 11 and 12.) This understanding and the 
basic design rules should be considered before 
a design is transformed into a three-dimensional 
object (pattern or casting). (See chapter 6.) 

Defects in castings are caused by improper 
melting, pouring, and molding procedures, by 
pattern equipment, or by the design of the 
pattern. Poor sand control in the foundry can 
cause all of the defects that a Molder may en- 
counter, This is one of the reasons that itis 
difficult to determine the cause of some defects. 


One of the most prominent causes of casting 
defects is CARELESSNESS; its remedy is obvious. 
However, many casting defects can be pinpointed 
to either the pattern design or the equipment. 

When determining the cause of any casting 
failure, remember that defects may be due to 
a combination of causes, than to any one isolated 
cause, The use of properly kept records of 
previous castings, good sand control, and good 
molding procedures help eliminate casting de- 
fects. 


Defective castings can result from a wrong 
decision made anywhere along the line of pro- 
duction— from the choice of sand, and the gating 
technique, through the selection of metal for 
the charge, the melting and pouring operations, 
and even in the shaking out and cleaning proc- 
esses, All of these steps are necessary to the 
production of the casting. Any step may be the 
point where an error is committed that will 
render the end result unsatisfactory. 

Control of the sand used, and the construction 
of the mold have been thoroughly discussed in 
chapters 7 and 8; cores and coremaking have been 
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discussed in chapters 9 and 10. You might re- 
view these chapters at this point to see how the 
lack of control and improper procedures at these 
stages can result in faulty castings. 

The causes and the prevention of casting de- 
fects which the Molder is responsible for are 
considered in the following sections, Remember 
that this is not a complete list of casting defects 
that could happen in foundry production. 


BLOW 


A blow is defined as a defect that hasa 
smooth depression either on the inner or outer 
surface of the casting. A blow consists of trapped 
gas (usually steam) between the mold and the 
casting surface. A blow is normally open to the 
surface of the metal. In general, blows are 
caused by incorrect sand properties, core prac- 
tices, and molding techniques. Since the gas 
originates from the mold, it is important to 
correctly identify a blow. For copper-base alloys, 
a blow will be discolored. The color may be 
black, golden, or reddish brown. 

Blows are caused by sands having high mois- 
ture content, or sands having high localized 
moisture content. Reducing the moisture con- 
tent and thoroughly mixing the sand will usually 
eliminate the blows. When applying moisture 
around the pattern, care should be exercised to 
prevent blows. Blows are also caused by sands 
having low permeability. (Factors which affect 
permeability are discussed in chapter 7.) 

Improper core materials and insufficient 
baking may cause blows in cores. Blows in cores 
are also caused by low permeability and inade- 
quate venting. 

A molding technique such as ramming the sand 
adjacent to the pattern hard and uneven may 
cause blows, Another cause of blows is cold or 
damp chills. When the molten metal comes in 
contact with this cold damp surface, gas (usually 
steam) will generate and the result will be a 
blow, Therefore, chills should be clean, dry, 
and slightly warm in order to prevent blows. 


GAS DEFECTS 


Gas porosity in COPPER-BASE ALLOYS is 
identified normally as small gas bubbles within 
the casting. These gas bubbles are generally 
found in groups. The gas porosity may be spheri- 
cal in shape, bright in appearance, and free 
from tarnish. This type of defect will usually 
occur in the heavier sections of a casting just 
under the surface of the metal or in the topmost 


portion of a casting. There are, in general, 
five causes for gas porosity; there are the im- 
proper melting and pouring practice, incorrect 
pouring temperature, poorly design casting, in- 
correct sand properties, andimproperly designed 
gating system. 

Gas porosity is caused by the presence of 
hydrogen and oxygen in the molten metal. In a 
melting practice which has a reducing atmos- 
phere, hydrogen may be absorbed into the molten 
metal, and in the tapping and pouring operation 
that has a oxidizing atmosphere, oxygen may 
be absorbed from the air. The color of gas 
porosity caused by a reducing atmosphere may 
be brown, red, orange, or yellow. Oil or mois- 
ture within the furnace charge, moisture within 
the furnace lining, or moisture within the ladle 
will also cause hydrogen absorption. 

In long freezing range alloys such as tin 
bronze, gas porosity will normally be trapped 
in the last metal to solidify. However, in short 
freezing range alloys such as manganese bronze, 
larger size gas porosity will normally be found 
throughout the casting with the largest group of 
porosity located in the last portion to solidify. 

It is normal practice to remove the molten 
metal from the furnace a few degrees higher than 
the pouring temperature. This is called the 
superheat temperature. This action allows time 
for the deoxidation treatment, if necessary, and 
transporting the molten metal to the mold. As 
you know, the higher the temperature of the 
molten metal, the greater the possibility of gas 
absorption occuring. Therefore, normally, you 
will not raise the superheat temperature more 
than necessary in order to prevent gas absorp- 
tion, However, there is an exception to this rule. 
When making any castings of bearing bronze, and 
large intricate castings from hydraulic bronze 
and tin bronze, the molten metal should be 
superheated to an exceptionally high tempera- 
ture, These alloys should be superheated from 
200? to 300? F higher than the desired pouring 
temperature. Then, the molten metal is allowed 
to cool in the air to the desired pouring temper- 
ature, This practice will allow the gases to 
come out of solution. The result will be lower 
gas porosity within the casting. 

When a casting is designed in such a way 
that it contains light and heavy sections, it may 
be necessary to pour the casting at a high 
pouring temperature. AS a result, gas porosity 
may occur in the heavy sections, There is no 
hard and fast rule given here to correct this 
cause of gas porosity. However, those actions 
taken should lower the pouring temperature. 
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102.137 
Figure 13-5,— Porosity caused by reaction, 


of the casting where sand comes in contact with 
it. Reducing the moisture content of the sand 
will normally eliminate this type of gas porosity. 

Gas porosity is also caused by the generation 
of STEAM resulting from excessive moisture 
in the molding sand. This is not gas porosity 
caused by reaction, Instead, it is caused by steam 
entering into the molten metal while the metal is 
filling the mold, These gas bubbles will have 
a tendency to rise through the molten metal. 
Gas porosity caused by steam is not found in 
all surfaces in the same manner as that caused 
by reaction, Therefore, gas porosity caused by 
steam will not be found in the drag or bottom 
section of a casting. Instead, it will rise to the 
cope surface or the uppermost part of the cast- 
ing. Figure 13-6 is an aluminum casting illus- 
trating gas porosity caused by a wet mold in 
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102.138 


Figure 13-6,— Gas porosity caused by generated steam from a wet mold. 


which steam was generated while the casting 
was being poured, The surface has been ma- 
chined since it was not apparent in the as-cast 
condition, Note that the bottom part of thecasting 
is free from gas porosity. 


Gas porosity caused by entrapped AIR occurs 
more often than any of the other factors which 
cause gas porosity in aluminum alloys. En- 
trapped air (gas porosity) appears in the cope 
surface or the uppermost part of the casting. 
Figure 13-7 illustrates gas porosity resulting 
from entrapped air, The aluminum casting pic- 
tured, is that part of the casting in the cope. 
This type of porosity may or may not have 
dross associated with it, Gas porosity caused 
by entrapped air is created by (1) agitation of 
molten metal in the sprue while pouring the 
metal and (2) agitation within the gating system. 


Agitation while pouring the molten aluminum 
is one of the most common causes of entrapped 
air. It is due primarily to carelessness, That is, 
pouring the metal in a haphazard manner, Since 


aluminum has a low density, in comparison with 
other metals cast in Navy foundries, air bubbles 
and dross that are introduced into the metal are 
readily carried in the flowing stream. There- 
fore, to help prevent this type of gas porosity 
and dross, it is essential to maintain the sprue 
full of molten metal throughout the pouring 
operation, The dross will remain on top of the 
molten aluminum in the pouring cup or basin 
and the metal will flow beneath it. The pouring 
operation should be performed with the lip of 
the crucible or ladle as close as possible to the 
mold's pouring cup or basin. 


Finally, gas porosity caused by entrapped air 
is also the result of a poor gating system. (See 
chapter 8 of this training manual for informa- 
tion on gating systems.) 


CAST IRON castings are seldom defective due 
to the presence of absorbed gases that occur 
in other metals. In fact, little is known about the 
behavior of gases in cast iron. Therefore, de- 
gassers are not normally necessary to ensure 
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102.139 
e 13-7, — Sandblasted surface revealing gas 
rosity caused by entrapped air bubbles. 


castings are free from gas defects. To 
nize the slightest possibility of gas pickup, 
ng should be accomplished rapidly in a 
ly oxidizing atmosphere. However, gas 
ity caused by generated steam may occur 
ast iron from damp ladles or too much 
ure in the sand. Blowholes or gasholes 
the terms commonly used in cast iron. 
type of defect will have a blue to black 
ce appearance. Assuming that other sand 
rties are correct, a reduction in the mois- 
:ontent will eliminate blowholes. 


NKAGE CAVITIES 


rinkage cavities are defects, resulting from 
action and insufficient feed metal, formed 
> the time the metal changes from a liquid 
solid state. Such cavities may result from 
ic changes in section thickness, fillets that 
oo small or too large, or heavy sections 
> casting that cannot be fed by risers, Im- 
r ratio of the gating and risering system 
uso cause this condition, Tocorrect shrink- 
|avities, it may be necessary to have the 
'n redesigned, to have the gating and riser- 
ystem redesigned, and to use chills, pads, 
2xothermic materials. All actions taken 
1 influence progressive solidification. That 
ien the molten metal is poured into the mold 
', progressive solidification should take 
in all sections of the casting, progressing 
d the riser, The riser should be the last 
to solidify. 
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CRUSHES, DROPOUTS, AND 
STICKERS 


A crush or dropout occurs when a part of the 
mold is crushed and drops into the mold cavity. 
It usually causes dirt and sand particles in some 
other part of the casting. A CRUSH may occur 
when the sand of the cope half of the mold does 
not fit the drag half, causing a crushed mold 
when the mold is closed and poured, It may be 
caused by a core being too large for the core 
prints, or insufficient cope overhang on the cope 
side of the core prints. Using worn patterns and 
core boxes and clamping the mold too tightly 
prior to pouring will also result in a crushed 
mold. 

A DROPOUT is the falling of an overhanging 
body of sand into the mold cavity. This defect 
may be caused by improper draft on the inner 
surface of a deep draw or insufficient mold sup- 
port in the cope half of the mold. 

A STICKER occurs when sand sticks to the 
pattern, as the pattern is withdrawn from the 
mold. A sticker is due to poor pattern finish, 
which causes the sand to stick to the pattern. A 
poor pattern finish can be remedied by smoothing 
the rough spots and refinishing the pattern. A 
sticker may also be caused by backdraft or by 
not having enough draft on the pattern. 


RUNOUTS, MISRUNS, AND 
COLD SHUTS 


Misruns or cold shuts on a casting occur 
when the mold does not completely fill with 
molten metal, or when pouring is interrupted so 
that the metal does not fuse together. A MISRUN 
is defined as a casting not fully formed due to 
incompletely filling the mold cavity during the 
pouring operation. This defect may be recognized 
by the corners of the casting not being filled out 
or a smoothly rounded hole through the side wall 
of the casting. A COLD SHUT is an imperfect 
junction where two streams of molten metal 
meet but do not fuse together. Other causes of 
misruns and cold shuts are nonuniform section 
Sizes, and worn patterns and core boxes, resulting 
in thin sections on the casting. 

Proper pattern design should be followed 
closely to eliminate this type of casting defect. 
Maintenance and repair of patterns and core 
boxes are necessary. In addition, the proper 
gating ratio for the particular job is recom- 
mended. 

RUNOUTS occur when a part of the mold is 
broken or cracked at the parting plane of the 
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mold. This may be caused by weak sand, slip 
jackets too tight, weights placed on the mold 
carelessly, an imperfect parting of the mold, or 
the completed mold not setting properly on the 
bottom board. 


SHIFTS 


A SHIFT is & mismatch of the cope and 
drag of the pattern or of the mold and cores. 
This defect is caused by wornpatterns or molding 
equipment, Loose or worn dowel pins in apattern 
will result in movement of the pattern components 
during the molding procedure and cause a shift 
in the casting. The pins and guides on a flask 
should fit neither too loose nor too tight. Good 
pattern and molding equipment will minimize 
the occurrence of this defect. Another cause is 
the placing of the cope half of the mold wrong- 
end-to when closing the mold. When carrying a 
completed mold made from a snap-flask, the 
mold should be kept as level as possible be- 
cause the cope half may slip on the drag half, 
causing a mismatch of the parting of the mold. 
Using slip jackets in a careless manner may 
also result in a shift, The ability to recognize 
and prevent this defect is especially important 
in repair ship or tender work because the 
majority of castings are made with loose parted 
patterns. 


RAT TAILS, BUCKLES, 
AND SCABS 


A rat tail, buckle, and scab all originate 
in the same way and differ mainly in the degree 
of defect. They are caused by uncontrolled 
expansion of the molding sand. If the condition 
of the molding sand is not too bad, a rat tail 
is formed. A RAT TAIL occurs when the surface 
of the sand buckles up in an irregular line 
that makes the casting look as though a rat 
has dragged his tail over it. If the sand expan- 
sion is greater, the casting defect is called a 
BUCKLE. If the sand expansion is even worse 


So that molten metal can get behind the buckled' 


sand, the defect is known as a SCAB. 

Rat tails, buckles, and scabs will be caused 
on a casting when the sand mold cannot expand 
uniformly when it becomes heated by the molten 
metal. If the mold does not expand to a certain 
extent (individual sand grains have to expand), 
the surface of the mold will buckle and cause 
a defect. The main cause of the sand being 
unable to expand properly is the presence of 
too many fines in the sand. The presence of 


too many fines in the sand causes the sand to 
pack much harder than necessary so that the 
sand’s expansion is restricted. Addition of new 
sands to properly balance the sand distribution 
and reduce the percentage of fines is used to 
obtain better sand conditions. Another remedy 
is to add cereal flour, woodflour, and sea coal 
to the sand to act as a cushion. 

Rat tails, buckles, and scabs may also be 
caused by the gating system ifthe gating arrange- 
ment causes an uneven heating of the mold by the 
molten metal. The cure for this type of casting 
defect is to regate the casting to obtain a uni- 
form distribution of metal entering the mold 
cavity. 


CUTS AND WASHES 


A cut or wash is the erosion of the sand by 
the stream of molten metal. This defect often 
shows up as a definite pattern around the gates 
and causes dirt to be deposited in some other 
part of the casting. CUTS and WASHES are de- 
fects which are directly related to the gating 
system. If the in-gates of a mold are located 
so that the molten metal entering the mold 
impinges or strikes directly on a core or a mold 
surface, the sand will be washed away by the 
eroding action of the stream of molten metal. 
These defects will then appear on the casting 
as & rough section, usually larger than the de- 
signed section thickness. Sand inclusions are 
usually associated with cuts and washes as a 
result of the eroded sand being carried to other 
parts of the casting by the stream of molten 
metal. INCLUSIONS are just what the name 
implies, They are often accompanied by other 
casting defects which provide loose sand in the 
mold. 

Inclusions are caused when the gating system 
permits dirt, slag, or dross to be carried into 
the mold cavity. One way to eliminate inclusions 
is to provide a choking action at the sprue base 
by using a tapered sprue of the proper designed 
cross-sectional area, If it is impossible to pro- 
vide the proper choking action in the gating 
system, a skim core or strainer core should 
be used at the base of the sprue to trap dirt and 


slag. 


METAL PENETRATION 
AND SWELLS 


Metal penetration causes rough castings, the 
molten metal seeps in behind the sand grains and 
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gives a rough surface to the casting. Such de- 
fects on a casting cause difficulty in cleaning 
because the sand grains are held by little fingers 
of metal. Metal penetration is caused by ramming 
the mold too soft or where there is too little 
space between the pattern and the flask. Using 
a large flask will permit harder ramming of the 
mold between the pattern and the flask and re- 
duce penetration of the metal between the grains 
of sand. 

METAL PENETRATION occurs when the 
molten metal penetrates into the sand and pro- 
duces an enlarged, rough surface on the casting. 
If the metal penetration is not too deep, it will 
have the appearance of a SWELL. A SWELL is an 
enlarged part of a casting resulting from soft 
ramming and is closely related to metal pene- 
tration. Coarse sand, high permeability, and 
low mold hardness are the principal sand prop- 
erties which cause metal penetration. A sand 
that is too coarse will have larger openings 
between the sand grains (high permeability). 
Because of the larger openings, the molten metal 
does not have any difficulty in penetrating the 
sand. A low mold hardness (soft ramming) con- 
dition offers a very soft surface for the molten 
metal, which the metal can easily penetrate. 
To correct metal penetration due to coarse 
sand and high permeability, it is recommended 
that fine sand be added to the base sand to have 
a finer sand distribution and reduce the per- 
meability of the sand. Harder and improved 
ramming of the mold is a cure for metal pene- 
tration caused by low mold hardness. If the 
permeability of a mold cannot be reduced, a 
mold wash may be used to eliminate penetration. 


REBABBITTING NAVY BEARING SHELLS 


The techniques previously discussed in this 
chapter included those in melting various alloys 
and pouring molten metals into molds. However, 
another process frequently performed in Navy 
foundries is that of rebabbitting bearing shells. 
This technique includes pouring molten babbitt 
into bearing shells, rather than into a mold. 
Therefore, included in this section are some 
causes of bearing failure, the selection of alloys, 
the steps in rebabbitting bearing shells, and 
finally, melting the babbitt alloys and pouring 
the bearing. 

Bearing metals must have certain special 
properties: (1) the ability to retain an oil film, 
(2 resistance to scoring and galling, (3) the 
ability to imbed foreign particles in themselves, 


and (4) the ability to deform within very slight 
limits. 

The ability of a bearing material to retain an 
oil film on its surface is necessary for proper 
lubrication of the moving part in the assembly. 
Failure of the bearing material to retain an oil 
film or lack of its ability to re-establish the 
oil film when it is broken causes premature 
breakdown of the bearing. 

Because shafts and bearings are not. per- 
fectly smooth, there are instances when there 
is metal-to-metal contact. Foreign particles 
in the lubricant cause a momentary breakdown 
of the oil film and permit metal-to-metal con- 
tact. Also, many bearings start under a load 
that causes a momentary metal-to-metal con- 
tact. During momentary periods of metal-to- 
metal contact, severe seizure or galling can 
occur between the surfaces in contact. Itis during 
this critical period that resistance to seizure 
and galling is necessary. 

Foreign particles (such as dirt or metal 
filings) are always present in a lubrication sys- 
tem. When these particles reach the bearing, 
it must have the ability to embed the particles 
in the bearing material. Lack of ability to do this 
can -lead to serious damage or failure of the 
bearing assembly. 

Perfect alignment of a bearing and shaft is 
impossible for normal equipment. The ability to 
deform is necessary in a bearing material to 
permit it to conform with slight misalignments 
in bearing and shaft assemblies. This property 
permits bearings to be ''worked-in'' to obtain good 
operation of the shaft and bearing. 


SELECTION OF ALLOYS 


Several types of castable bearing alloys are 
used by commercial manufacturers to babbitt and 
rebabbitt bearing shells. However, the tin-base 
babbitt alloys are the antifraction metals used 
in Navy foundries, Therefore, only babbitts com- 
posed primarily of tin, copper, and antimony 
are discussed in this chapter. 

In tin-base alloy babbitts, hardness and 
strength increase with an increase in antimony 
and copper content, The chemical composition 
of tin-base babbitt ranges from 80.5 to 92 per- 
cent tin, from 3.0 to 8.5 percent copper, and 
from 4 to 14 percent antimony. Within this range 
of tin-base alloys are grades 1 through 4 as 
specified in Federal Specification QQ-T=390. 
Grade 1 babbitt contains 90 to 92 percent tin, 
4,0 to 5.0 percent copper, and 4.0 to 5.0 percent 
antimony. Grade 1, a medium hard babbitt, is 
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used primarily in aircraft engine bearings. Grade 
2 is & genuine babbitt. It is used for all bearing 
surfaces requiring & hard, ductile, white metal 
alloy. Grade 2 is more commonly used for ship- 
board repairs than grades 1, 3, or 4 babbitt. 
Grade 2 has a chemical composition of 88 to 
89 percent tin, 3.0 to 4.0 percent copper, and 7 
to 8 percent antimony. Grade 3 babbitt has a 
chemical composition 83 to 85 percent tin, 7.5 
to 8.5 percent copper, and 7.5 to 8.5 percent 
antimony, It is rather hard babbitt alloy that may 
be used for bearings subject to moderately heavy 
pressures or severe reciprocating motion. Grade 
4 babbitt, which has a chemical composition of 
80.5 to 82.5 percent tin, 5 to 6 percent copper, 
and 12 to 14 percent antimony, is harder than 
all the other grades mentioned, It is used when 
very heavy pressure and high speed are envolved. 

Whenever possible, the selection of a speci- 
fic grade of babbitt should be based on the in- 
formation given on the blueprint. 


PREPARATION OF BEARINGS 


The proper cleaning of the shell cannot be 
stressed too strongly in bearing preparation. 
No matter how well the other operations may 
be conducted, such as melting and pouring the 
babbitt, an improperly cleaned shell may result 
in bearing failure, 


Removal of Old Babbitt 


The removal of old babbitt from the bearing 
shell is normally accomplished by melting out 
the old babbitt, using an oxyacetylene torch or a 
hauck burner. (For small bearings, the preferred 
method is to summerge the bearing into a babbitt 
pot.) The shell should be heated uniformly on the 
outside. By uniformly heating the shell, the old 
babbitt will melt on the inside bonding surface 
of the shell and fall away in chucks, Uniform 
heating will also help in preventing the shell 
from warping. Be careful not to overheat the 
shell, or the subsequent tinning process will be 
difficult. The next step is to flux and tin the 
shell bonding surface while it is still hot. How- 
ever, if difficulty is experienced in tinning the 
shell, the shell should be machined, cleaned, 
and then tinned. 


Cleaning 
When difficulty is experienced in the tinning 


process, the bonding surface should be machined 
to a fine finish, Cutting or cooling oils should 


not be used in the machining process since these 
oils will contaminate the bonding surface, 

After the machining process, clean the shell 
by first using an approved degreasing solvent to 
remove oil and grease films that may or may not 
be apparent on the shell. Then, wash the shell 
in a hot alkaline cleaner solution. A weak lye 
solution, or one made of 4 to 6 ounces of Oakite 
to a gallon water is suitable. After putting the 
shell through this solution, rinse it in fresh 
water, This degreasing treatment will prevent 
interference with the subsequent chemical treat- 
ment, 

After degreasing the shell, you may find it 
necessary to chemically clean (pickling) the 
shell to remove oxide film and scale. The pickling 
solution can be swabbed on if nobathis available. 
One method that has been used satisfactorily 
is to ram cotton cloth into the end of a stainless 
steel pipe and use it as a swab. When applying 
acids in this manner, wear rubber gloves, a rub- 
ber apron, and a plastic eye shield. (For per- 
sonnel safety precautions, follow those given 
under Spot Test in chapter 11 of this training 
manual.) For steel shells, use a pickling solution 
of 50 to 75 percent hydrochloric acid. Allow the 
acid to remain on the bonding surface from 5 
to 20 minutes, After pickling, the shell must be 
rinsed in fresh water. 

For cast iron, one solution that can be used 
is 25 percent muriatic acid. When the bearing 
shell is made of brass or bronze, you can use a 
15 percent solution of nitric acid. Allow the acid 
to remain on the brass or bronze bonding surface 
from 5 to 20 minutes. After all chemical treat- 
ments, the shells must be rinsed in fresh water. 


Fluxing and Tinning 


Assuming that a tin bath is not available, 
maintain steel and cast iron shells at a temper- 
ature of 570? to 660? F. The temperature for 
brass or bronze shells should be held between 
500° and 660? F, While the temperature is held 
within the indicated range, flux the bonding area 
of the shell. The following flux mixtures may be 
used as a guide: (1) zinc chloride mixed with 
25 to 40 percent water, (2) 90 percent zinc 
chloride and 10 percent ammonium chloride (sal 
ammoniac) mixed with 25 to 40 percent water, 
and (3) 82 percent zinc chloride and 18 percent 
sodium chloride mixed with 25 to 40 percent 
water. 

Immediately after fluxing, tin the bonding sur- 
face using a wire brush to thoroughly.coat the 
surface. The tinned surface should appear silvery 
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white. Some commercial manufacturers have 
special tins premixed with Пих, If you use this 
type of commercial product, follow the suggested 
manufacturers instructions. 

The ideal tinning operation is to completely 
submerge the bearing shell in a bath of tin. 
However, some precautions must be taken when 
the bath method is used. If there are any holes 
through the shell, plug them with dry asbestos or 
magnesia, Using a fireclay wash, coat those 
areas not requiring a tin bond. Then flux the 
bonding surface as previously mentioned. After 
the shell has been fluxed, submerge the shell 
in a bath of molten tin, The temperature of the 
molten bath should be maintained at the previously 
mentioned temperatures for fluxing and tinning. 
For example the tin bath used for tinning bronze 
shells should be between 500° and 660? F. 

It is important not to prolong the immersion 
time of a shell beyond that time which will 
effectively tin the bonding surface. Prolonged 
immersion will cause a buildup of excessive tin 
on the shell. For example, large steel shells 
should not be bathed longer than 15 minutes, 
smaller shells require a much shorter immer- 
sion time. Some small shells can be satisfactory 
tinned in 15 seconds, After the immersion time 
has been reached, remove the shell and inspect 
it for flaws. You must wire brush, re-flux, 
and re-tin any areas that have not been adequately 
coated, 


Setting Up the Shell 


After the shell has been tinned, prepare the 
shell for preheating and pouring. Figure 13-8 
illustrates one method for setting up a bearing 
shell. Plug all holes (not illustrated) to prevent 
leaks. A mixture that can be used is 50 percent 
asbestos flake, 40 percent fireclay, and 10 per- 
cent bentonite mixed with water to a stiff con- 
sistency. The mandrel, which may be a piece of 
thoroughly cleaned steel tubing or pipe, is bolted 
to a base plate. The two halves of the bearing, 
wired together, are placed aroundit, with spacers 


wrapped in asbestos paper inserted between the 


halves, (Although not illustrated in figure 13-8, 
you must make allowances for metal shrinkage 
and machine finish in height, Theusualprocedure 
is to allow about 1/2 to 3/4 inch. To make this 
allowance, the top of the bearing shell is built-up 
with a clay mixture.) A crossbar is bolted to 
the top of the mandrel after the bearing is set in 
place., 

When you use a jig like the one shown, have 
the mandrel from 3/8 to 3/4 inch smaller in 
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Figure 13-8.— Jig for rebabbitting bearings. 


diameter than the diameter of the bearing. This 
provides an allowance for peening and machining. 
Check the jig assembly for leaks that would allow 
metal loss during the pouring. 


Preheating the Mandrel 
and Shell 


There are two methods commonly used for 
preheating the entire jig. One method is heating 
with a hauck burner or oxyacetylene torch. When 
this method is used, apply heat uniformly from 
bottom to top moving around the entire jig. When 
the hauck burner is used, do not direct the flame 
inside the shell to preheat the mandrel. Instead, 
use the oxyacetylene torch topreheat the mandrel. 
Preheat the jig until its temperature is 500° to 
050° F, 

The second method for preheating the jig is 
to use the core oven. Preheat the jig in the oven 
until the jig reaches the desired temperature. 
Large bearing shells that are subject to more 
warpage than other shells should be preheated 
in the oven, This method will help reduce warpage. 
Be sure that no moisture remains on the mandrel 
nor on the bearing. Moisture may not only 
cause porosity in the liner, but it can cause the 
hot metal to spit, endangering personnel. 


MELTING 


Melting of any of the tin-base antifriction 
metals can be accomplished in a pressed steel, 
cast steel, or cast iron pot. Melting is done by 
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means of an ordinary hauck burner or a pot 
specially designed for melting babbitt, 

A sufficient quantity of the proper grade of 
ingot should be charged in the pot and the heat 
applied slowly so that the melting does not take 
place too fast. As soon as the babbitt begins to 
melt, the surface may be covered with powdered 
charcoal, This will protect the metal from the 
air and retard the formation of oxides and 
accumulation of dross. Care must be taken to 
remove the charcoal before pouring to prevent 
it from becoming trapped in the babbitt during 
pouring. When the charge becomes molten, the 
metal should be stirred with a motion from 
bottom to top (not circular). 

A low pouring temperature will give better 
bonding than high temperatures. However, if the 
temperature is too low, the metal will not flow 
readily enough to fill the jig. In casting tin- 
base babbitt alloys, the pouring temperature is 
based primarily on the chemical composition. 
However, the size of the bearing may have to 
be considered also, The following pouring temper- 
ature range should be used when pouring grades 
1 through 4 babbitts: 


Gradel.......... 750°— 760° F 
Grade 2;......... 675°— 720° F 
Grade 3... soe è o o o 750°— 780° F 
Grade 4&......... 725°— 730° F 


The babbitt should not be heated above its 
pouring temperature. Overheating will cause 
excessive oXidation and contamination of the 
melt. Too high a pouring temperature will also 
increase the amount of shrinkage during solidifi- 
cation and this will create severe shrinkage 
stresses, Further, a high pouring temperature 
will heat up the bearing and mandrel and tend 
to keep the metal in a MUSHY state for a longer 
period of time, 


POURING 


The babbitt should be poured as soon as 
possible after preheating the mandrel and shell. 
Good bonding of the babbitt to the shell will not 
be obtained if the tin bond has become solid, 
Pouring must be accomplished while the tinned 
surface on the shell is still molten, When the 
babbitt is poured, the oxide skin on the surface 
of the tin will be floated off. 


Ladles 


The size of the ladle and quantity of metal 
melted should be governed by the size of the 


bearing to be babbitted. More metal should al- 
ways be melted than is actually required be- 
cause the excess can be pigged and remelted, 
The ladle or ladles should always be large 
enough to hold more metal than required for 
the pour. Twice the amount of babbitt required 
should be melted to prevent shilling of the metal 
in the ladle. If an insufficient amount of metal 
is poured into the cavity, subsequent addition of 
metal will produce a defective bearing because 
the second metal will not bond with the originally 
poured metal that has solidified. 

When a single ladle of sufficient size is not 
available, two ladles may be used if the contents 
of both are poured into the bearing at the same 
time, If there is insufficient room for both ladles 
over the pouring jig, the contents of one ladle 
may be poured directly into the bearing, while 
the metal from the second ladle is being poured 
into the first. 


Skimming 


A bottom-pour or self-skimming type of ladle 
is preferred because it prevents dross, dirt, 
oxides, or other impurities from entering the 
mold. If such a ladle is not available, a lip- 
pour ladle may be used. When using a lip-pour 
ladle, careful attention must be given to skim- 
ming of the surface of the molten metal to pro- 
duce a bright surface free from oxides, Any 
scum which forms on the top of the molten 
metal must be pushed back from the lip witha 
wood or metal skinner, 

The metal should be stirred thoroughly and 
poured slowly and steadily in a thin stream. A 
fast heavy stream fills the opening too rapidly 
to allow the necessary escape of air and causes 
it to be trapped as bubbles or steam in the lining. 
A Slow steady stream will prevent this. 


Solidification shrinkage will take place in 
antifriction tin-base babbitts as in other casting 
metals, During pouring, the chilling action of 
the steel mandrel and the bearing shell will 
usually cause solidification to start before the 
bearing jig is filled. Liquid and solidification 
shrinkage will take place in the first metal to 
enter the jig as soon as the freezing tempera- 
ture is reached. Because the babbitt is generally 
poured slowly, automatic feeding will take place 
(the early shrinkage of the solidifying metal is 
compensated for by metal added during pour- 
ing). The amount of feeding is dependent upon 
the temperature of the metal, rate of pouring, 
and the thickness of sections involved. 


301 


MOLDER 3 & 2 





Puddling 


Pouring should be continued until the bear- 
ing cavity is filled to the top. The elimination 
of gas and air from the bearing is of vital im- 
portance, This is usually accomplished by thor- 
ough puddling of the metal during pouring and 
while it is solidifying. Generally, a flat steel 
rod 3/8 inch by 1/16 inch in cross section which 
has been previously preheated by immersing the 
rod in the molten babbitt is used. As soon as the 
first metal is poured, the puddling or churning 
should be started. This action, which permits 
efficient feeding, should be continued until the 
babbitt solidifies. Molten babbitt should be added 
as contraction occurs until the mold has been 





completely filled. Immediately after pouring is 
completed, wrap the bottom of the bearing shell 
with wet cloths to start directional solidification, 
and repeat this operation until the babbitt solidi- 
fies. 


POST POURING OPERATION 


When the babbitt has solidified, it will be 
seen that the sides of the shell have been drawn 
together by the contraction of the lining. The 
shell may be returned to its original dimensions 
by peening the inner surface of the lining. The 
Spacers are removed from between the shells 
and the halves separated by sawing through the 
babbitt on each side. 
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GLOSSARY OF PATTERNMAKING 
AND FOUNDRY TERMS 


AERATE.— To break up the lumps in foundry 
sand. To FLUFF the sand. 


AIR CHANNEL, — A groove or hole which carries 
the vent from a core to the outside of the 
mold. 


AIR DRIED, —A core ог mold dried in the air, 
without the application of heat. 


ALLOY,- Any composite metal produced by the 
mixing of two or more metals or elements. 


ALLOYING.— Procedure of adding elements 
other than those usually comprising a metal 
or alloy to change its characteristics and 
properties, 


ALLOYING ELEMENTS.— Elements added to 
nonferrous and ferrous metals and alloys 
to change their characteristics and properties. 


АМСНОК, — Ап appliance used to hold cores in 
place in the mold. 


ANNEAL, — Heating a metal or alloy to a desig- 
nated temperature and allowing to cool slowly. 


ARBOR, — A device used to lift or to reinforce 
a mass of sand, 


ATMOSPHERIC PRESSURE, — The pressure of 
air at sea level, approximately 14.7 pounds 
per square inch. 


BACK DRAFT.—Is applied to a surface of a 
pattern requiring draft but the draft slopes 
in the wrong direction, 


BAKED CORE, — Formed body of core sand that 
has been subjected to heat. 


BALANCED CORE, —One with the core seat so 
proportioned that it will overbalance that 
part of the core extending into the mold 
cavity. 
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BARREL, — A cylindrical body long in relation to 
its diameter and either hollow or solid. 


BARS,— Braces or ribs placed across the cope 
portion of a flask. 


BASIN, — А cavity on top of the cope into which 
metal is poured before it enters the sprue, 


BATCH, — Amount or quantity of core or molding 
sand or other material prepared at one time. 


BATH, — Molten metal on the hearth of afurnace, 
in a crucible, or in a ladle. 


BATTEN.— Wooden bar or strip fastened to 
patterns to hold them straight or to prevent 
distortion through the ramming of the mold. 


BEAD.—4A half-round cavity in the mold, or а 
half-round projection or molding on acasting. 


BEAD-SLICKER, —A tool used for finishing a 
hollow place in the mold. 


BEDDING А CORE.— Resting an irregular- 
shaped core upon a bed of sand for drying. 


BEDDING ІМ, — Sinking a pattern down into the 
sand to the desired position and ramming the 
sand about it. 


BELLOWS, — A device operated with both hands 
for producing a current of air. 


BENCH MOLDING,—The process of making 
Small molds on a bench. 


BENTONITE, — A widely distributed and peculiar 
type of clay which is considered to be the 
result of devitrification and chemical altera- 
tion of the glassy particles of volcanic ash or 
tuff. Used in the foundry to bond sand. 


BINARY ALLOY. — An alloy of two metals. 
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BINDERS, — Materials used to hold molding sand 
together. 


BLACKING.—A thin facing of graphite ог 
powdered charcoal brushed or dusted over the 
surface of a mold to protect the sand from 
the hot metal. 


BLIND RISER, — An internal riser which does not 
reach to the exterior of the mold. 


BLOW HOLE,—A hole in a casting caused by 
trapped air or gases. 


BODY CORE, — The main core, 


BOIL. — Agitation of molten metal by steam or 
gas. 


BOND, — Cohesive material in sand. 
BOSH, — See Swab. 


BOSS.—A projection on a casting of circular 
cross section. 


BOTTOM BOARD,— A rough board similar to a 
molding board upon which the finished mold 
rests. 


BOTTOM POUR LADLE.—Ladle where metal, 
usually steel, flows through a nozzle in the 
bottom. 


BOTTOM POUR MOLD.-— Mold gated at the 
bottom. 


BRACKET, — Strengthening strip or rib on a 
casting, 


BRANCH CORE,— Part of a core assembly. 


BRANCH GATE,—Two or more gates leading 
into the mold cavity. 


BRASS.— An alloy composed chiefly of copper: 


and zinc, 


BREAK-OUT, — A rupture of a mold permitting 
the molten metal to flow out at the joint. 
Also called a ''run-out,'' 


BRIDGE, — Material adhering to the furnace wall 
which slows or prevents descent of the fur- 
nace charge. 


BRONZE, — An alloy composed chiefly of copper 
and tin. 





BUCKLES, —Swellings in the surface of a mold 
due to the generation of steam below the 
surface, which cannot escape. 


BUILT-UP PLATE.—A pattern plate with the 
cope pattern mounted or attached to one side 
with the drag on the other. See Match Plate. 


BULB SPONGE.-— Combined rubber bulb and 
sponge. See Swab. 


BULL-LADLE, — A two-man ladle used incarry- 
ing molten metal. 


BURNER,— А device which mixes fuel and air 
intimately to provide perfect combustion when 
the fuel is burned. 


BUTT-RAMMING, — Ramming with the flat end of 
a rammer. 


CAP CORE, — A core superimposed upon а pat- 
tern to complete a portion of the mold cavity 
not given shape by the pattern. 


CARD OF PATTERNS,— A number of patterns 
fastened to a common gate. 


CAST IRON.— The most common of metals, 
mined as iron ore. 


CAST-IN PLATE,— A plate cast in the foundry 
with cope and drag patterns attached. 


CAST STEEL. — Cast iron hardened and toughened 
by one of various steelmaking processes. 


CASTING, —Metal object cast to the required 
shape as distinct from one shaped by a 
mechanical process. 


CASTING STRAINS, — Strains resulting from in- 
ternal stresses created during cooling of the 
casting. 


CENTERLINE, — Well-defined knife or gage line 
placed upon the work to serve as a basis 
from which dimensions are to be measured. 


CHAPLET, — Metal supports used to hold a core 
in place when the size of the core seat is 
inadequate. 


CHEEK, — The section or sections of a flask 
lying between the drag and the cope. Neces- 
sitated by difficulty of molding unusual shapes, 
or in cases where more than one parting of 
the mold is required. 
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CHILL, —– А chilling material placed in the wall 
of a mold, causing the metal to solidify more 
rapidly at that point. 


CHUCK, — A small bar between the long bars of 
a flask, 


CHURNING. — Moving a rod up and down in the 
riser to keep the molten metal from ''freez- 
ing.'' Also called ''pumping.'' 


CLAY WASH, — Clay and water mixedtoacreamy 
consistency. 


CLEAT.— Wooden bar or strip as fastened to 
molding boards to support and prevent distor- 
tion, 


COLD SHUT.— The imperfect junction where 
two streams of molten metal meet but do 
not fuse together. 


COLLAPSIBLE РАТТЕКМ, — А pattern so con- 
structed as to permit its removal from the 
mold in sections. 


COMPOSITE CASTING, — A casting thatis poured 
around inserted sections of a different metal. 


CONTRACTION. — The amount that the metal will 
have decreased in size from the time it is 
poured to the time the temperature has fallen 
to the normal temperature of the metal. 


CONTRACTION, LIQUID, —Shrinkage or con- 
traction in molten metal as it cools from one 
temperature to another while in the liquid 
state. 


CONTRACTION RULE (ALSO TERMED SHRINK- 
AGE RULE).— A rule having the graduations 
so enlarged as to compensate for the lessening 
in the size of a casting caused by the de- 
creasing size of the cooling metal. 


CONTRACTION, SOLID, — Shrinkage or contrac- 
tion as a metal cools from the solidifying 
temperature to room temperature. 


COPE, — The top section of a flask, 


COPING OUT.— The extension of the sand of the 
cope downward into the drag where it takes 
an impression of a pattern. 


COPPER, —A metal of reddish color, mined as 
copper ore. 


CORE, —That part of a mold or body of sand 
which forms a hole, a recess, or the interior 
of a casting. Particularly applied to those 
bodies of sand formed within a core box and 
subsequently baked. 


CORE ARBOR, — Cast-iron grid or bar embedded 
in large cores for means of support and 
handling. 


CORE BINDER, — Material mixed with core sand 
to hold the grains together. 


CORE ВОХ, — Specially constructed form into 
which sand is rammed to give the required 
shape to a соге. 


CORE CAVITY, — The interior form of acore box 
that gives shape to the core. 


CORE COMPOUND, — Commercial mixture used 
in core sand to hold the grains together. See 
Core Binder. 


CORED CONSTRUCTION, — Refers to a casting 
whose interior is formed by a dry sand core 
Or cores, 


CORE DRIER, — A metal shell that conforms to 
the shape of the area of a core upon which it 
rests while drying. 


CORE FRAME, — Frame of skeleton construction 
used in forming intermediate- and large- 
sized cores, 


CORE LOCK. — Matched surfaces so formed upon 
contracting core bodies as to ensure their 
correct registering. 


CORE-MADE MOLD, — A mold assembled from 
dry sand core bodies. 


CORE MARKER, — A core seat so shaped that the 
core will register correctly when placed in 
the mold. 


CORE OVEN. — Specially designed oven in which 
cores are baked. 


CORE РАЅТЕ, — Material in paste form used as 
an adhesive to join sectional cores. 


CORE PLATE,— Plate used to support cores 
while they are being baked. 
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CORE PRINT, — That part of a pattern which has 
been so designed as to form a seat to locate 
and support a core within a mold, 


CORE ROD. — Rod forms used to support а соге 
internally. 


CO CORE,.— Core made from silica sand and 
sodium silicate (water glass). 


CORE SAND, — Sand free from clay; it is nearly 
pure silica. 


CORE WASH, — A silica or graphite mixture with 
which cores are painted to prevent erosion 
of the sand and penetration of the molten 
metal into the sand. 


CORE VENTS.—A round or oval shaped wax 
product used to form the vent passage in a 
core, 


CORNER ТООІ, — А tool used for slicking the 
corner of a mold, inaccessible to the ordinary 
form of finishing tools. 


COVER CORE, —A core set in place during the 
ramming of a mold to cover and complete a 
mold cavity partly formed by the withdrawal 
of a loose part of the pattern. 


CRACK, COLD,.— Appears in a casting after 
solidification and cooling due to excessive 
strain generally resulting from nonuniform 
cooling. 


CRACK, HOT, — Developed in a casting before it 
has cooled completely; and usually due to 
some part of the mold restraining the solid 
contraction of the metal. 


CRACKER CORE.—A vent core used to break 
the skin in the riser and allow the atmospheric 
pressure to push the metal into the mold 
cavity. Also called a ''fire-cracker,"' 


CROSSBAR,— Wood or metal bar placed in a 
flask to give greater anchorage to the sand 
than is afforded by the four walls of the flask. 


CROSS SECTION, — A view of the interior of an 
object that is represented as being cut in two, 
the cut surface presenting the cross section 
of the object. 
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CRUSHING, — The pushing out of shape or distor- 
tion of a core or mold when parts of the mold 
do not fit properly. 


CUTTING OVER, — Turning over sand by shovel 
or otherwise to obtain a uniform mixture. 


DOWEL.—A pin of various types used on the 
joint between the sections of parted patterns 
or core boxes to ensure their correct register- 
ing. 

DRAFT, — The angle of slant tending away from 
the line of parting given to those surfaces of a 
pattern which would lie in the direction in 
which the pattern or its component parts are 
drawn from the sand. 


DRAG, — The bottom section of a flask. 


DRAW PLATE, — Metal plate set into a pattern 
to facilitate its drawing. 


DRAWBACK, — Portion of a mold so arranged 
that it may be drawn back for the removal 
of the pattern. 


DRAW BAR,—A bar used for lifting the pattern 
from the mold. 


DRAWING. — Removing a pattern from the sand. 


DRAW SCREW.—A rod which can be screwed 
into a pattern to act as a handle for drawing 
the pattern from the mold. 


DRAW SPIKE, —A pointed rod of iron or steel 
driven into a wooden pattern to act as a handle 
for withdrawing the pattern from the sand in 
the mold. 


DRIBBLE, — Pouring molten metal into the mold 
in an unsteady stream. 


DROP, — The falling of an overhanging body of 
sand into the mold. 


DROP OR TAIL CORE, — A type of core used in 
forming comparatively small openings oc- 
curring above or below the parting. The seat 
portion is so shaped that the core is easily 
dropped into place. 


DUCTILITY.— The property permitting perma- 
nent deformation by stress in tension without 
rupture. 
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DRY SAND MOLD.—A mold which has been 
baked in an oven to fix its shape permanently 
and to give it a hard surface. 


EAR,— Usually refers to a comparatively thin, 
rounded, end projection of arectangular cross 
section. 


FALSE COPE,— Temporary cope used only in 
the forming of the parting surface and there- 
fore not a part of the finished mold. 


FALSE SIDE, — An intermediate loose panel sup- 
porting projections or depressions set against 
the inside of a core box or frame. 


FEED HEAD.—A reservoir of molten metal 
from which the casting feeds as it solidifies. 
Also called a Riser. 


F E EDING. — Supplying additional molten metal to 
a casting to compensate for volume shrinkage 
during solidification. 


FERROUS, — Relating to or containing iron, 


FILE FINISH, — Finishing a metal surface with 
a file. 


FILLET,—Concave corner piece used at the 
intersection of surfaces. A struck fillet is 
one that is dressed to shape in place. A 
planted fillet is one that is made separately 
and affixed in place. 


FIN.—A thin projection or ridge occurring оп a 
casting at the point where two sections of the 
mold come together, 


FINISH ALLOWANCE, — An amount of stock left 
upon the surface of a casting for the opera- 
tion of machine finish. 


FINISH MARK, — A V- or f-form symbol appear- 
ing on the line of & drawing that represents 
the edge of the surface of the casting to be 
machine-finished, 


FLANGE,—A stiffening member or the means 
of attachment to another object. 


FLASK.— Frame consisting of two or more 
sections made of wood or metal and used to 
enclose the sand in which a mold is formed. 


FLASK ВАБ, — Bars added to the cope to 
strengthen and hold the sand, 
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FLASK PINS, — Pins and corresponding sockets 
on the joint of the sections of a flask to 
permit their separation and registering. 


FLAT-BACK, —A pattern with a flat surface at 
the joint of the mold. A flat-back pattern 
lies wholly within the drag. 


FLOOR MOLDING, — The process of making large 
molds on the foundry floor. 


FOLLOW BOARD.— Board having its surface 
formed so as to support a pattern and to 
coincide with its parting line. 


FOUNDRY PRACTICE, — An enterprise or a de- 
partment of such where molten metal is given 
shape by being poured into molds made of a 
refractory material. 


FREEZING. — The solidification of molten metal 
in the mold. 


GAGGER.— An L-shaped rod used to reinforce 
and help to support the sand of the cope. 


GATE CUTTER, — U-shaped piece of sheet metal 
used in forming a gate. 


GATED PATTERNS, — One or more patterns with 
gating system attached. 


GRAPHITE, — Native carbon in hexagonal crys- 
tals, also foliated or granual massive, of 
black color with metallic luster. Used for 
crucibles, foundry facings, lubricant, etc. 


GREEN SAND,—Sand containing sufficient re- 
fractory clay substance to bond strongly 
without destroying the venting quality when 
rammed to the required degree of hardness. 


GREEN SAND CORE,—Body of sand usually 
formed directly from a pattern in making the 
mold, One that is not baked. 


GREEN-TOPPED CORE,—A core made in two 
parts, the bottom half being dry sand to 
produce the necessary support, and the top 
half, green sand, 


GRIND. —Truing up the surface of a casting 
with an abrasive wheel or belt. 


HEAD, — The pressure exerted by a column of 
fluid, such as molten metal. See Riser. 
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HEAP SAND, — Sand in piles on the foundry floor. 


HINDERED CONTRACTION, — The prevention of 
the free contraction of a metal or alloy by 
mold condition or casting design. 


HORN САТЕ, — А circular-shaped gate or sprue 
form having a rectangular or round cross 
section, used when the molten metal is to 
enter the mold cavity well below the parting 
line. 


HOT SPOTS.— Areas of extra mass usually 
found at the junction of sections. 


HOT SPRUING.— Removing castings from the 
gates before the metal has completely solidi- 
fied. This operation is necessary on light- 
section or intricate castings which might be 
cracked if they were removed in the cold 
state. 


HOT TEARS, — Cracks in metal castings formed 
at elevated temperatures by contraction 
stresses. 


НОВ, — A projection which is round or otherwise 
and is usually the center of some rotary 
movement, 


INGOT.— Commercial pig or block in which 
ferrous and nonferrous materials are made 
available to the foundry field, 


INTERCASTING. — The casting of interlinking 
members, 


JIG. — Any device so arranged that it will expedite 
a hand or machine operation. 


JOINT, — The portion of the mold where the cope 
and drag come together. 


KISS CORE, — A core that contacts another core 
or is set against the side of a pattern to 
supply a portion of the mold cavity not fur- 
nished by the pattern. 


KNOCK OUT, — To remove sand and castingfrom 
the flask. 


LAYOUT.—A full size drawing of a pattern 
having the appropriate shrink rule and showing 
pattern construction and core arrangement. 


LAYOUT BOARD,-—A board upon which a layout 
of a pattern is made. 
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LIFTER.—A molder’s tool with a flat end at 
right angles to the stem, used to lift loose 
sand from deep pockets in the mold. 


LIFTING HOOKS, — Form of staples embedded in 
cores to facilitate handling and setting. 


LIFTING PRESSURE, — The lifting force caused 
by the hydrostatic pressure of the molten 
metal against the core or the cope section of 
the mold. It may be somewhat increased by 
gases, generated in the mold, seeking release. 


LIQUID CONTRACTION, — Shrinkage or contrac- 
tion in molten metal as it cools from one 
temperature to another while in the liquid 
state. 


LIQUIDUS, — The temperature at which solidifi- 
cation of metal begins on cooling and the 
temperature at which the last portion of solid 
metal becomes liquid on heating. 


LOCKING SURFACES, — See Core. Lock. 


LOOSE FLANGE, — Flange member that may be 
drawn independently of the body of a pattern 
and is often used in combination with a cover 
core or slab core. 


LOOSE PIECE, — Part of a pattern so attached 
that it remains in the mold and is taken out 
after the body of the pattern is drawn. 


LUG. — An earlike projection that is frequently 
split, as the clamping lug on the tail stock of 
a lathe. 


MACHINE FINISH, — Operation of turning or cut- 
ting from the surface of metal an amount of 
stock in order to produce a finished surface. 


MACHINABILITY. — The capability of being cut, 
turned, broached, etc., by machine tools. 


MAGNESIUM, — Silvery white metal, one-third 
lighter than aluminum, obtained from ocean 
water or from subterranean brine, 


MALLEABLE CAST IRON,—Cast iron made 
ductile through an annealing process, 


MARKING A CORE,—Shaping the core print 
portion of a core and its seat so that the core 
cannot be misplaced within the mold. 
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MASTER PATTERN.—A pattern embodying a 
special contraction allowance and used for 
making castings that are to be employed as 
patterns in production work, 


MATCH.—A form of wood, plaster of paris, 
sand or other material on which an irregular 
pattern is laid while the drag is rammed. 


MATCHBOARD, — See Match Plate. 


MATCH PLATE, — Wood or metal plate to which 
a pattern is attached at its parting line. 


MATCHED PARTING, — Forming of a projection 
upon the parting surface of the cope half of a 
pattern and a corresponding depression in the 
surface of the drag. 


METAL CAVITY, — See Mold Cavity. 


METAL PATTERN, — Patterns made from metal 
and used in high production work, 


METALLURGY. — Science dealing with the con- 
stitution, structure and properties of metals 
and alloys, and the processes by which they 
are obtained from ore and adapted to the use 
of man. 


MICROSTRUCTURE, — The structure and char- 
acteristic condition of metals as revealedona 
ground and polished (etched or unetched) 
Specimen at magnification above 10 diameters. 


MISRUN, — A casting not fully formed. 


MOLD, — As applied to founding is a body of sand 
containing the impression of a pattern. 


MOLD CAVITY, — Impression left in the sand by 
a pattern. 


MOLD WEIGHTS, — Weights placed on the cope 
of the mold to help overcome the lifting pres- 
sure, 


MOLDING BOARD,.— Board reinforced with 
cleats, having a true surface upon which a 
pattern is laid for the ramming of the drag. 


NATURAL BONDED SAND, —Sand containing a 
sufficient amount of clay bond, either present 
in its natural state or added before shipment, 
to make the sand suitable for immediate use. 


NONFERROUS, — Pertaining to metals not having 
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iron as the base metal. 


NORMALIZING, — Heating iron-base alloys to 
approximately 100° F above the critical tem- 
perature range followed by cooling to below 
that range in still air at ordinary temperature, 


NOW EL, — The lower section of the flask, more 
commonly called the Drag. 


ONE-PIECE PATTERN, — Solid pattern but not 
necessarily made from one piece of wood. 


ONE-PIECE BUILT-UP PATTERN, — A pattern 
not necessarily made from one piece of wood; 
it can be a series of pieces formed to make 
a certain shape, but the pattern will be in one 
piece. 


OPEN MOLD,-—-Copeless mold used in making 
rough flat castings. 


OPEN RISER.—A riser that is not covered. 


OPEN SAND CASTING, — A casting poured in a 
mold which has no cope or other covering. 


OVERHANG, — The extension at the parting line 
of the cope half of a core print beyond that 
of the drag in order to provide clearance for 
the closing of the mold. Also known as 
Shingle. 


PAD, — Shallow projection on a casting distin- 
guished from a boss or lug by shape and 
size. 


PADDING, — Is used to induce progressive solidi- 
fication in members or sections of uniform 
thickness and to prevent the defects known as 
midwall or centerline shrinkage. 


PARTED PATTERN, — Pattern made in two or 
more parts. See Split Pattern. 


PARTING, —Joint or plane of separation in a 
mold made of two or more sections. 


PARTING COMPOUND,.-— Fine bondless com- 
mercial preparation dusted over the joint 
of a mold to prevent the contacting surfaces 
from adhering. (Also called Partine.) 


PARTING LINE, — That line about apattern where 
the pattern or its mold separates. 
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PATTERN. Form modeled іп any materialfrom РОКОЅІТҮ, — State of being full of pores or holes 


which a mold may be made; it is the basis 
of foundry practice. 


PATTERN CHECKING, — Verifying the dimen- 
sions of a pattern with those of the drawing 
as well as its moldability. 


PATTERN LAYOUT.— Ful size drawing of а 
pattern showing its arrangement and struc- 
tural features, 


PATTERN LETTERS AND FIGURES, — Affixed 
to a pattern as a means of keeping a record 
of the pattern and for the identification of the 
casting. 


PATTERN RECORD CARD, — A filing card giving 
a description, location in storage, and the 
movement of a pattern. 


PATTERNMAKING, — Deals with the modeling in 
wood, metal, or other materials, of objects 
that are to be cast in metal, 


PATTERNMAKER'S SHRINKAGE, — Shrinkage 
allowance made on all patterns to compensate 
for the change in dimensions as the solidified 
casting cools in the mold from the freezing 
temperature of the metal to room tempera- 
ture, 


PEEN-RAMMING, — Ramming with the wedge end 
of the rammer, 


PERMEABILITY, — Refers to the venting quali- 
ties or to the rate at which gases can pass 
through the sand, 


PIG IRON, — Cast iron as it comes from the blast 
furnace in which it was produced from iron 
ore, 


PIN HOLE, — Small hole under the surface of the 
casting. 


PIT MOLDING.-— The process of making very 
large molds in pits in the foundry floor. 


PLASTER PATTERN,—4A pattern made from 
plaster of paris. 


PLUGGED IMPRESSIONS, — Impressions formed 
by inserting a plug of required shape through 
a pattern into the sand. 





like a sponge. 
POURING, — Filling the mold with molten metal. 


PRINT-BACK, — The replacing of the pattern in 
the mold to pick up lost detail. 


РҮКОМЕТЕК, — An instrument for determining 
elevated temperatures. 


RAMMING, — Packing sand around the pattern 
in making a mold. 


RAM-UP BLOCK, — See Follow Board. 
RAM-UP CORE, — See Cover Core, 


RAPPING, —Jarring a pattern to loosen it from 
the sand, preparatory to drawing it out. 


RAPPING BAR,— Iron bar used as an aid in 
rapping a pattern. 


RAPPING PLATE,— Metal plate attached to a 
pattern for the insertion of a rapping bar. 


REFRACTORY. — Material having heat-resisting 
qualities, 


RIB, —A stiffening member. 


RIDDLED SAND.-— Sand that has been passed 
through a riddle or screen. 


RISER, — A reservoir designed to supply molten 
metal to compensate for shrinkage of a 
casting during solidification. 


ROLLING OVER, — Reversing the position of a 
mold. 


RUNNER. — Channel through which the molten 
metal is conducted to the gate or gates from 
the sprue. 


RUN-OUT, — Metal flowing through a defect in 
the mold. 


SAND BLAST,.-—Sand driven by a blast of com- 
pressed air or steam used to clean castings. 


SAND CONTROL, — Procedure whereby various 
properties of sand such as fineness, per- 
meability, green strength, moisture content, 
etc., are adjusted to eliminate casting defects. 
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SAND МАТСН, — А body of sand shaped to con- 
form to the parting line of the mold, upon 
which the pattern is laid in starting to make 
a mold, Sand is made hard by addition of 
linseed oil. 


SCABS.— Imperfections in a casting due to the 
breaking away of portions of the mold sur- 
face. Rough surfaces of castings. 


SECTIONAL CORE, — A core made in two parts 
and pasted or wired together. 


SETUP CORE,—A simple core used to support 
a small core in the mold for extra bearing 
surface. May be designed to form a boss on 
the end of a casting or form a seat for other 
cores, 


SHIFT.—A casting defect resulting from a mis- 
match of the cope and drag. 


SHRINK BOB, — See Riser, 


SHRINK HOLE,—A hole or cavity in a casting 
resulting from contraction and insufficient 
feed metal, and formed during the time the 
metal changes from the liquid to the solid 
state. 


SHRINKAGE, — Arrangement of the molecules of 
metal as it passes from a liquid to a solid 
state. 


SHRINKAGE RULE, — See Contraction Rule. 


SKELETON PATTERN.—4A framework repre- 
senting the interior and exterior form and 
the metal thickness of the required casting. 


SKIMMING, — Holding back the surface dirt and 
slag when pouring molten metal. 


SKIN-DRYING, — Drying only the surface of the 
mold. 


SLAB CORE, — Plain flat core, 


SLICKER (SLICK). — One of a number of tools 
used for mending and smoothing the surface 
of a mold. 


SLIP JACKET, — Wood or metal frame used to 
slip over a snap flask made mold to reinforce 
it while it is being poured. 
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SLUSH MOLDING. — A process in whichthe metal 
is allowed to cool long enough to form a 
shell, and then the mold is inverted and the 
remaining molten metal is poured out, leaving 
a hollow center. 


SOLDIERS, —Wooden pegs or blocks used in 
place of gaggers to reinforce sand when 
molding. 


SOLID CONTRACTION, — Shrinkage or contrac- 
tion as a metal cools from the solidifying 
temperature to room temperature. 


SOLIDIFYING CONTRACTION, —Shrinkage or 
contraction as a metal solidifies. 


SPINDLE, — An upright post on which the sweep 
arm revolves in sweeping up a mold. 


SPLIT PATTERN, — A pattern that is parted for 
convenience in molding. Parted pattern is the 
correct term. 


SPONGY CASTINGS. — Castings in which the 
metal is very open-grained or porous. 


SPRUE,.— Ап opening that conducts the metal 
from the top of the mold to the gate or gates. 
The term SPRUE is also applied to the metal 
which fills the pouring channels and is found 
attached to the casting. 


SPRUE BUTTON, — Attached to the cope pattern 
to indicate where the sprue should cut. 


SPRUE CUTTER.—A piece of tubing that cuts 
the sprue hole through the cope half of the 
mold. 


STANDARD PATTERN COLORS, — Colors to be 
used for the marking of patterns as recom- 
mended by the American Foundrymen's 
Society and registered as Commercial Stand- 
ard C S 19-30, Washington, D.C., or the 
TENTATIVE STANDARD COLORS as adopted 
as of 1958 by the Pattern Colors Committee, 
Pattern Division, American Foundrymen's 
Society. 


STOPPING OFF, — Process of filling up with sand 
a part of a mold to eliminate that part not 
wanted as a part of the casting. 


STOPPING-OFF CORE, — A core usedin stopping 
off an unwanted part of a mold. 
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STOPPING-OFF PIECE,—Specially prepared 
piece of section of a pattern used for stopping 
off an unwanted part of a mold or core box. 


STRAIGHT EDGE, — Relatively long piece of ma- 
terial having one or both edges a true plane. 


STRAINER CORE,—A small perforated core in 
the sprue, runner, or gate to prevent entrance 
of slag and other extraneous material into 
the mold cavity. 


STRESS RELIEVING, — Heat treatment to remove 
stresses or casting strains, 


STRICKLE OR STRIKE, — Piece of material hav- 
ing a straight or curved edge used for re- 
moving excess sand from a flask or pattern. 


STRIPPING PLATE, — A plate formed to the con- 
tour of the pattern which holds the sand in 
place while the pattern is drawn through the 
plate. 


SUPERIMPOSED CORE, — See Cap Core. 


SUSPENDED CORE,—A core having the core 
seat so formed that it may be suspended 
above the mold. 


SWAB,— Small bundle of bound hemp used in 
dampening the sand lying along the edge of a 
pattern, preparatory to the drawing operation. 


SWEEP,—A board or template shaped to a re- 
quired profile used to remove excess material 
from a mold or core. 


SWEEP WORK.—Forming molds or cores by 
the use of sweeps instead of patterns. 


SWELL.— An enlargement on the face of a cast- 
ing, due to a yielding mold face. 


TAP.— To withdraw а molten charge from the 
melting unit, 
TALLY MARK,—A symbol or combination of 


symbols indicating the correct location of a 
loose piece of a pattern or core box. 


TEMPERING SAND,—Dampening and mixing 
sand to produce a uniform distribution of 
moisture, 


TEMPLATE, — Thin piece of material with the 
edge corresponding to a specific contour and 
used as a guide or for checking purposes. 


TEST BAR,— Bar cast of a standard shape and 
size to determine the physical and chemical 
properties of the metal. 
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THERMOCOUPLE, — A bimetallic device capable 
of producing an electromotive force roughly 
proportional to temperature differences onits 
hot and cold junction ends and used in the 
measurement of elevated temperatures. 


TOOL CLEARANCE,— An open space provided 
in a casting for a cutting tool to enter in 
finishing an enclosed surface. 


TROWEL, — Tool used in slicking, patching, and 
finishing a mold. 


TUCKING, — Packing sand with the fingers around 
flask bars, gaggers, patterns, and other places 
where the rammer does not give the desired 
density. 


UNDERCUT, — Part of a mold requiring a draw- 
back. 


UPSET, — Frame to increase the depth of aflask. 


VENT. — An opening in a mold or core to permit 
escape of steam and gases. 


VENT CORE, — See Cracker Core, 


VENT WAX,— Wax in rod shape placed in the 
core during manufacture, In the oven the wax 
is melted out leaving & vent or passage. 


VENTING, — Perforating the sand over and around 
a mold cavity with a vent rod to assist in the 
escape of the gases. 


VENT ROD.-— Thin stiff wire or rod used in 
venting the sand. 


VIBRATOR, — A mechanical device used toloosen 
a pattern from the mold. 


WARPING, —Distortion of a board through the 
absorption or expulsion of moisture. Also 
applied to a casting drawn out of shape by 
uneven cooling of the metal. 


WATER BRUSH.— Combined rubber bulb and 
brush, See Swab. 


WEAK SAND, — Sand that will not hold together 
due to an insufficient amount of clay. 


WHIRL GATE,—A gate or sprue arranged to 
introduce metal into a mold tangentially, 
thereby giving the metal a swirling motion. 


ZIRCON SAND, — A very highrefractory material 
composed chiefly of zirconium silicate of 
extreme hardness, having low thermal expan- 
sion and high thermal conductivity. 
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Active duty advancement requirements, 5 
Advancement, 1-10 
how to prepare, 7 
how to qualify, 4 
sources of information, 9 
Alloys and metals, 222-262 
Assistant repair officer, 14 


Baked or dry-sand cores, 185 
Balanced core prints, 191 
Balanced cores, 192 

Basic Handtools, 23 

Basic molding tools, 23 
Binders, 129 

Blueprints, 106-108 

Brinell hardness test, 238 
Buckles, 297 

BuPers publications, 10 


С 


Calculating casting weight, 272 
Calculating furnace charges, 273-278 
charge for nonferrous melt, 273 
charges for cast iron, 275 
melting losses, 278 
Casting defects, 292-298 
blow, 293 
crushes, dropouts, and stickers, 296 
cuts and washes, 297 
gas defects, 293 
metal penetration and swells, 297 
rat tails, buckles, and scabs, 297 
runouts, misruns, and cold shuts, 296 
shifts, 297 
shrinkage cavities, 296 
Casting ferrous and nonferrous metals, 263 
Chaplets, 178-181 


INDEX 


Chills, 181 
Chip test, 231 
Color codes, 118-120 
Contraction of metals, 257 
Control of tools, 32 
Control techniques for various metals, 268-271 
aluminum-base alloys, 268 
copper-base alloys, 269 
gray iron castings, 270 
nickel-base alloys, 270 
Steel castings, 271 
Cope and drag core prints, 189-191 
Core oven, 39 
Coremaking, 207-221 
core materials, 207-209 
core sand mixtures, 213-217 
coremaking equipment, 209-213 
techniques, 217-221 
Coremaking practices, 184 
Cores, 185-206 
characteristics of, 186 
classes of, 185 
core requirements for cast metals, 186-189 
mold influence on a core, 189 
types of core prints, 189-192 
types of cores, 192-206 
COs cores, 185 
Cover cores, 193 
Crossbars and chucks, 176 
Crucibles, 40-47 
calculating crucible capacity, 40 
calculating ladle capacity, 47 
drying of ladles, 46 
handling, 44 
heating, 44 
ladles, 45 
relining and patching ladles, 46 


Drawbacks, 175 
Division officers, 14 
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Enlisted personnel, 14 
Enlisted rating structure, 2 


Facing nails, 178 

Facing sands, 130 

Ferrous metals and alloys, 223 

Finishing castings, 291 

Finishing equipment, 62-73 
metal-cutting bandsaw, 62 
oxyacetylene cutting, 70 
pedestal grinders, 67 
sandblasting cabinets, 67 

Flask, 37 

Foundry practice and patternmaking, 20 

Foundry sands, 125-129 


G 


Gaggers, 176-178 

Gases in molten metal, 279 
Gating system, 146-153 
Green sand cores, 185 
Greeu-topped cores, 185 


Handtools, 24 
Hauck burners, 48 
Heating equipment (portable), 47-58 
High-frequency induction furnace, 93-97 
construction, 93 
control stations, 95 
operation, 95 
principle of operation, 94 
Horizontal or parting line core prints, 191 


і 
Immersion pyrometers, 58-61 


Inactive duty advancement requirements, 6 
Irregular parting plane patterns, 168-171 


Kiss cores, 196 


L 


Ladles, 45-47 
Liquidus, 260 


M 


Maintenance of tools, 31 
Manufacturers! technical manuals, 10 
Master test blocks, 236 
Mechanical riddle, 35 
Melting practices, 281-290 
aluminum-base alloys, 286 
cast iron, 288 
copper-base alloys, 281-286 
Metal-cutting bandsaw, 62-67 
Metals, 222-262 
classification of, 223 
hardness conversion table, 240 
how metals solidify, 244 
identification of, 231 
specifications for foundry metals, 244 
What is a metal?, 222 
Moisture tester, 35 
Mold castings and washes, 131 
Mold equipment, 36-39 
clamps and weights, 38 
flask, 37 
lifting devices, 39 
mold jackets, 38 
Molder rating, 2 
Molds, 144-184 
mold pressure, 182 
molding procedures, 157 
parts of, 145 
safe molding and coremaking practices, 184 
special molding devices, 175 
special molding techniques, 171 
types of, 144 
Mulling machine, 33 


N 


Natural bonded sands, 126 
NavShips publications, 10 
Nonferrous metals and alloys, 226 


O 


Oil-bonded sand, 128 
Oil-fired furnace, 97-99 


construction, 98 
operation and maintenance, 99 
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Optical pyrometers, 61 
Oxyacetylene cutting, 70-73 
Oxyacetylene equipment, 48-58 
acetylene, 48 
adjusting the flame, 53 
extinguishing the flame, 55 
handling and stowing gas cylinders, 57 
hose, 52 
oxygen, 49 
regulators, 50 
safety precautions, 55 
setting up the equipment, 53 
welding torches, 51 


Parting materials, 130 
Pattern allowances, 112-116 
casting thickness, 115 
contraction, 113 
distortion, 114 
draft, 113 
machine finish and tool clearance, 115 
machining lugs, 116 
parting, 113 
Pattern development, 116-120 
pattern color codes, 118 
shaping and finishing, 117 
Patterns, 108-112 
core boxes, 112 
gated patterns, 109 
loose patterns, 108 
mounted patterns, 109 
pattern materials, 108 
related pattern equipment, 110 
Pedestal grinders, 67-70 
Pneumatic tools, 28 
Portable heating equipment, 47-58 
Hauck burners, 48 
oxyacetylene equipment, 48-58 
Pouring basin, 145 
Pouring the heat, 290 
Preparation of foundry sands, 133-137 
Pyrometers, 58-62 


Quals Manual, 7 


Ram-up cores, 198 
Rat tails, 297 


Rate training manuals, 8 
Rebabbitting Navy bearing shells, 298-302 
melting, 300 
post pouring operation, 302 
pouring, 301 
preparation of bearings, 299 
selection of alloys, 298 
Record of Practical Factors, 7 
Relining furnaces, 99-104 
indirect-arc, 100-103 
resistor, 103 
Repair department functions, 11 
Repair department organization and personnel, 11 
Repair department shops, 15-20 
foundry, 15 
shop administration, 17 
shop layout, 15 
Repair officer, 12 
Risering system, 153-156 
Rocking electric-resistor furnace, type NR-2, 
86-93 
construction, 87 
control stations, 88-91 
operation and maintenance, 91 
Rocking indirect-arc electric furnace, 74-86 
construction, 75 
control stations, 76-83 
operation and maintenance, 83-86 
Rockwell hardness test, 236 


S 


Safety precautions for furnace operators, 104 
Sand mixtures, 213-217 
baked or dry sand core mixtures, 215 
carbon dioxide (СО») core sand mixtures, 
215 
green sand core mixture, 214 
Sand preparing and testing equipment, 33-36 
mechanical riddle, 35 
moisture tester, 35 
mulling machine, 33 
Sandblasting cabinets, 67 
Scabs, 297 
Selection of the casting alloy, 271 
Setup cores, 201 
Slab cores, 193 
Snap flask, 37 
Solidification control, 263-268 
solidification and casting design, 264 
types of control, 265 
Solidification of metals, 244-262 
contraction, 257 
freezing temperature, 259 
heat transfer, 261 
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Solidus, 260 
Spark test, 231 
Special gating system cores, 202 
Special molding tools, 23-31 
handtools, 24 
pneumatic tools, 28 
Specific gravity and density of materials, 42 
Spot test, 239 
Sprue, 145 
Standard Color Code - 1932, 118 
Stock or standard cores, 192 
Stop-off or drop-tail cores, 198 
Straight parted and flat-back patterns, 157-168 
Superimposed or cap cores, 196 
Suspended or hanging core prints, 192 
Synthetic sands, 128 


T 


Tail or drop core prints, 192 
Temperature-measuring instruments, 58-62 
immersion pyrometers, 58 
optical pyrometers, 61 
Tentative Standard Color Code - 1958, 119 


Terminology, 121-125 
Testing foundry sands, 137-143 
hardness test, 143 
moisture test, 137 
preparing the test specimen, 139 
Tools, 23-32 
basic tools, 23 
control of, 32 
maintenance, 31 
special tools, 23 
Training films, 10 
Training Publications for Advancement, 8 


Vents, 156 
Vickers test, 236, 239 


W 


Welding and cutting torches, 47 
Whirl gates, 153 
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